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OT PEJAKOJIJIET T

VBaxaemble uutarenu! Temaruka crtareld aHOHCHpyeMoro Homepa xkypHana «[louBel u
OKpY’Kalolas cpefa» AOCTaTOYHO pa3sHOOOpa3Ha, IpeACTaBlIeHb! PA3HOIUIAaHOBBIE MaTepHaibl. Penakuns
HazeeTcs, 4YTO KaxJas W3 3TUX MyOnuKauui IpuUBIeYeT BHUMAaHHE HAIIMX 3aMHTEPECOBaHHBIX
YyHuTaTesei, KOTopble B 0003puMOM OyIyllieM caMH MOTYT CTaTh aBTOpaMH KypHaJa.

B coBpemenHOM Mupe ¢ 00MIMEM pa3HBIX TEXHOJOIMH U aBTOMAaTHYECKUX MPUOOPOB, B TOM YHCIIE
PETrUCTPaTOPOB TEMIIEPATYPhl, CTAHOBUTICS BO3MOXKHBIM O€CHpELENCHTHBI NPOCTPAaHCTBEHHbIM U
BpPEMEHHOH OXBaT M3MEPsIEMbIX B HccienoBaHusax nepemeHHbix. Ctatest H.A. [anopunoii u E.A Caii6
MOCBSIIEHA MPOCTPAHCTBEHHOMY pACHpPEIENIEHUIO TEeMIEpaTyphl MOYB B KOMIUIEKCHOM IOYBEHHOM
nokpoBe llpeacamampes (3anmagnas Cubups). Onmcanne TPOPWIBHOH W CYTOYHOHW JWHAMUKHU
TEeMIIEPaTyphl TIOYBBI, PETUCTPUPYEMON KaXK]Iple MoTyaca Ha MPOTSHKEHUH MOyTOpa MECALEB Ha pa3HbIX
ryOMHaX HECKOJIbKUX MOYBEHHBIX MPOQUIICH, MpeacTaBiIseT HHTepeC I Pa3HbIX CHENHUAINCTOB — OT
arpoOHOMOB /10 3KOJIOTOB, ITOCKOJBKY MO3BOJISET NOJIYYHUTh AETAIBHOE IpeACTaBlIeHHEe O (hakTopax,
BJIMAIOLINX HAa NPOIYKINOHHBIN MPOLIECC PACTEHUH U )KU3HEAEATENIbHOCTh TIOYBCHHON OHOTBHI.

B crarbe A.B. baxeHoBa c cOaBTOpaMH paccMaTpHBAIOTCS Pe3yJbTaThl PaJrl03KOJIOTHYECKOTO
WCCIIEIOBAHUS TIOYB B pailoHe pa3padOTKA MECTOPOXKIACHHS aiMa3oB (ApxaHrenbcKast 00J1acTh). ABTOPHI
YCTAHOBWIIM CIIEU(UKY 3aBUCUMOCTH IOABWXHOCTH M HAKOIUICHHS PAAMOHYKJIUAOB B IOYBEHHOM
npoduiie OT TPaHYJIOMETPUYECKOTO COCTaBa, COAEPKAHHS OPraHWYeCKOTrO BEUIECTBA, MOIYTOPHBIX
OKCH/IOB, MHHEpAJIOTHYECKOI'0 COCTaBa, a TaKKe OT TEeMIIEPaTypHOTO M BOJHOIO pPEXUMa; MPOBENIU
JETaJbHYI0 HHBEHTApU3ALMI0 COACPXKAHMS PA3JIMYHBIX XHMHUYECKHX 3JIEMEHTOB B Hpoduie MOuB.
[IpencraBneHHble aBTOPaMU [JAHHbBIE SBISAIOTCS BaXHOM TOYKOHW CpaBHEHHMS A OyIoyIiux
PaZMO3KOJIOTHYECKHX HCCIIeI0BaHMi, KaKk B 3TOM PETHOHE, TaK U 3a €ro MpeaeIamMH.

A.A. TanacueHKO ¢ COaBTOpaMH B CBOEH pabOTe HA OCHOBE MHOTOJIETHETO KCIIEPHUMEHTATHHOTO
MaTepHuajga IOJIPOOHO ONMCHIBAIOT BJIMSHUE TAaKOTO METEOPOJIOTHYECKOTO SIBICHUS, KaK JINBHEBBIE
JIOX/IM, Ha BOJHBIA CTOK W 3PO3HI0 YepHO3eMOB B 3amagHoi CuOUpH — OCHOBHOTO THIIA MOYB TAITHH.
ABTOpBI UMeeT OOJIBIION OMBIT M3YYEHHUS SPO3UHU TIOYB, YTO IO3BOJWIO MM IMPEACTABUTH MaTepHalbl B
Oosee MIMPOKOH mepcreKTHBE. 3acilyXKMBAaeT BHUMAaHHUsS BBIBOJ ABTOPOB O TOM, YTO C TOYKH 3PEHUS
9PO3UH MOYB JIUBHEBBIE O HANOOJIee ONAcHBI BECHOM.

Crarpto H.B. T'onm o BiMsiHMM arpoXWMHUKaTOB Ha MPOCTPAHCTBEHHO-BPEMEHHBIE H3MEHEHUS
arpoOXMMUYECKUX CBOWCTB TIOYBBI W YpOXKall OpOKKOJIM MOXHO Ha3BaTh, B KAaKOM-TO CMBICIIE,
HOBaTOPCKOH, TaK KakK OLIEHKAa MPOCTPAHCTBEHHOH HEOJHOPOAHOCTH CBOMCTB IOYB B MHKPOIIOJIEBOM
OTBITE C Pa3HBIMH YAOOPEHHSIMH W METHOpAaHTaMU MPOBEACHA IO arpoXMMHYECKUM KapTOTpaMMaM.
ABTOp YCTaHOBMJIA, YTO Kay€CTBO I€OCTATUCTHYECKOTO MOJEIMPOBAHMS MOYBEHHBIX M PAaCTUTEIBHBIX
napaMeTpoB BIIOJIHE NMPHEMIIEMO, X BHU3yaJbHOE OTOOpaKEHHE Ha KapTaxX COOTBETCTBYET (DAaKTUUECKUM
JAHHBIM, & TUATHOCTHKY COJAEPKaHMsI OCHOBHBIX DJIEMEHTOB MUTAHUS B MOYBE HEOOXOAMMO MPOBOJIHUTH
Ka)<JIble JIBa T0J1a, YTOOBI MPHHSATH MPABUIBHBIC PEIICHUS] O BHOCHMBIX J103aX YI0OpCHUH.

BHumaHus TeX, KTO HHTEPECYETCS Pa3BUTHEM IOYBEHHOH HayKH, OCOOCHHO B €€ MPHUKIaIHBIX
acmeKTax, 3aciyXuBaeT ctaThs M.B. YcTuHOBa ¢ coaBTOpamMu, Kacaromascs HEKOTOPBIX HCTOPUYECKUX
aCmeKTOB pa3BUTHS Menuopanuu 3eMenb B 3amagHod Cubupu. B crathe mompoOHO oOmMcaHbI
MaciTaOHbIE MPOEKTbl M KOHKPETHBIE HAaydHBIE MCCIIEAOBAaHMSA, HEOOXOIUMBIE IJIsl MepeBoja oOIiei
CTpaTernu B TAaKTUKY M MPAKTHUKY IOBCEIHEBHOIO CENbCKOXO3SMCTBEHHOro Mpou3BojacTBa. Kakue-To
MpeUIOKeHNs ObUIM pealn30BaHbl, KaKHe-TO — HET, HO MEJIHMOPATUBHBIE MEpONPHUSATHS OCTAIOTCS
aKTyaJIbHBIMHU JJI1 HEKOTOPBIX TEPPUTOPUI pErHOHa JI0 CHX TIOP.

IIpu3piBaeM HamMX 4YUTaTENed AKTUBHO YYacTBOBaTh B KOMMEHTHPOBAHMHM CTaTell Ha caiiTe
KypHasa. IHTepecHOro 1 moJIe3HOro YTeHHs BceM!

Peoaxyus acypuana
Haymosa H.b., fIxkumenxo B.H., Heuaesa T.B.

The article is available under Creative Commons Attribution 4.0 License
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BJIUAHUE ATPOXUMUKATOB HA ITPOCTPAHCTBEHHO-BPEMEHHBIE U3MEHEHUW A
ATPOXUMHUYECKHX CBOVMCTB IIOYBbI U YPOXKAM BPOKKOJIA

M) Check for updates

© 2021 H. B. I'onn

@I'BYH Uncmumym nousosedenus u azpoxumuu CO PAH, npocnexm Axademuxa Jlaspenmvesa, 812,
2. Hosocubupck, 630090, Poccus. E-mail: gopp@issa-siberia.ru

Ilens uccneoosanun. Hsyyume enusHue azpoxumMukamos (MUHEePaIbHbiX U OP2aHO-MUHEPATIbHBIX YO0OpeHuUll,
Ppecyamopo8 pocma pacmeHuti U MeiuopaHmos) Ha NpoCmpancmEeHHO-6PeMeHHble USMEHEeHUsl CBOUCME
azpocepoii nouebl U ypodicati OPOKKONU € UCNOTIb30BAHUEM KAPMOSPAPULECKO20 NOOX00d.

Oovexkmol u memoowl ucciedosanus. Ilonesoii onvim nposoounu 6 2016 200y Ha yuacmke, pacnoi0HCeHHOM
6 okpecmnocmu cena bvikoso Ha 1weco-socmoxe 3anaonou Cubupu (54°58'02.8"N; 83°521.45"E,
Hosocubupckaa obaacms). Obvexmul uccredosanus — azpocepas HeHACLIUeHHAs CPeOHe2yMyCUpOSaHHas.
msocenocyenunucmas nouysa (Luvic Retic Greyzemic Phaeozem (Siltic, Aric)) u xanycma 6Opoxkonu
cpednecnenoeo copma «Jlunoay. Cxema onwvima exmouana ciredyowue eapuanmul: (1) Kowmpons (6e3
yoobpenuii), (2) @ou (N100P60K160), (3) @on + aumapuasa kucioma, (4) @on + oonomum, (5) on +
mynvua, (6) Opeano-munepanvhoe yoobpenue «Kpuanny. IIpodvl noue npoananusuposamsl Ha cooepicanue
OP2aHUYeCK020 Yenepodd, HUMPAMHO20 a30md, 00ujeco, MUHEPAIbHOLO U Opeanuyecko2o gocgopa u eco
ROOBUINCHOU (OopMbl; 0OMEHHO20 Kaaus, Kanbyus u MacHus, a makoice pH conegoil gvimsicku. B cyxux
obpasyax coysemuti 6POKKoIU onpedenisiu obujee cooepicanue azoma, ocgopa, Kanus, Karbyus U MASHUL.

Ocnognute pesynomamol. [locie npumenenus azpoxumMuxamos u coopa ypooicas Opokkoau Kospguyuenmol
sapuayuu pH, coodepoicanusi nodgudicubix gocghopa, xanus u Kaibyus YEeIudunuchL 6 0ea u bonee pasa.
Hcnonvzosanue azpoxumukamos HOGLICUNO YPOICAU U YAVHUIULO NUMAMENbHYIO YEHHOCHb COYGemull
bpoxkonu. B eapuanmax ¢ enecenuem MunepanvbHuvlx yYOOOpeHull HAUbOIbWIAS OKYNAeMOCHb YO0OpeHUll
nonyuena 6 ¢onosom eapuanme. Buecenue aspoxumuxamos nposiguiocs 6 ompuyamenvhvlx (HOOKUcieHue,
ceazvisanue Gocopa, Kanbyus U MAsHUA) U NOJTOHCUMENbHBIX (NOGbIUIEHUE COOEPIHCAHUA DNEeMEHNO08)
agpgpexmax. Ummoburuzayus snemenmos numanusi (pocgopa, xanvyus, mMacuus) 6 mpyoHOPACMEOPUMBIX
COeOUHEHUAX 6 noyge U NOCAeOVIoujee CHUNCEHUE COOEPAUCAHUS NOOBUICHBIX (DOpM He oKa3anu
OMPUYAMENbHO2O GNIUAHUS HA DAEMEHMHbIN cocmas coysemuil Opoxkoau. Takum o6pazom, Xumuyeckas
UMMOOUIUZAYUS NPUBOOUM K 3AKPENJICHUIO DJIEMEHMO8 RUMAHUsL 6 6EPXHeM 2OPU3OHME NOUEbl, MO
npedomspawjaem ux ebliyeauU8anue maiblmMu U 00HCOe8bIMU 600AMU 68 HUNCHUE 2OPUIOHMDL.

Kniouesvie cnosa: ceocmamucmuka; xpueune; oonomum; yooopenus; pH; azom; gocgop; xanuil; xaroyuil, MacHul

Humuposanue: Ionn H.B. Bausnue azpoxumukamog HA  HPOCMPAHCMBEHHO-6PEMEHHbIE  UBMEHEHUs.
AZPOXUMUYECKUX CEOUCME NoY8bL U ypoxcau opoxkonu // [lousvl u okpyocarowasn cpeoa. 2021. Tom 4. Ne 2. el57.
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BBEJIEHUE

ITotepss MAOAOPOAHBIX TOYB, POCT HACEICHUs, ypOaHM3alUs W HW3MCHECHHE KJIMMAaTa MOTYT
CEpPhE3HO TIOBPEANTH MPOU3BOJCTBY MPOAYKTOB MUTAHMUS, YBEIUMUUTh UX CTOUMOCTh U CO3/1aTh TSDKETYIO
curyanuio Bo Bcex crpamax (Lal et al., 1989; Pimentel, 2006; Govers et al., 2017). Bonbias gacts
CEJIbCKOXO3SIMCTBEHHBIX YrOMUM B MUPE HE YIOBICTBOPSACT MOTPEOHOCTSM BBIPAIIUBAEMBIX KYJIbTYD B
MUHEPATLHOM MUTAHUK W3-3a2 JIJIUTEIBHOTO WCIOJB30BAHUS TOYB W YSI3BHMOCTH MEPE] TEKYIIMMH
9K30IC€HHBIMH M JHIOTCHHBIMH IIpolieccaMu (9pO3us, 3acCOJICHHE, BhINICIAYMBAHKUE, YIUIOTHCHHE,
3aWieHUE, OIyCThIHMBAHME M T.1.). BOCIOJIHEHHWE IIOYBCHHBIX 3allaCOB JJIEMEHTOB IIMTAHUSA HE
OCYIIECTBIISICTCS HA JIOJDKHOM YPOBHE, YTO MPUBOMUT K CHIDKCHHUIO YPOXKAWHOCTH U YXY/IICHHIO
KadecTBa TMPOAYKIIMH. B TO e BpeMs BHECEHHE CJMIIKOM OOJBIIOrO KOJIMYECTBA MHMHEPATBHBIX
ya00peHuii npuBOAUT K HEI(D(HEKTHBHOMY HMX HCIOIL30BAHMIO PACTCHHUSIMHM, 3HAYUTCIIBHBIM IOTEPSM
MUTATENLHBIX BEIIECTB M 3arps3HEHUIO okpysxkaroried cpeasl (Oldeman, 1988; Gastal, Lemaire, 2002;
Geng et al.,, 2019). B aroii cBsA3M, CTAHOBATCA Bce Oojice aKTyalbHBIMH HaydHBIC HCCIICIOBAHUA,
KOTOpBIC, C OJHON CTOPOHBI, MO3BOJIAIOT YBEIWYHMTh MPOM3BOACTBO MPOAYKTOB IUTAHHS, YCTPAHUTH
JeGUIUT U JucOaNaHC MUTATEILHBIX 3JEMEHTOB B MOYBAX, & C JAPYroil CTOPOHBI, MHHUMHU3UPOBATH
OTpHIIATEILHOE BO3ACHCTBHE HA OKPYXKAIOIIYIO CPEY UPE3MEPHBIX 103 arpOXUMHKATOB, UCTIOIL3YEMbIX
JIUTSL TIOBBIIIIEHHST YPOKAHHOCTH.
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B mupoBoii mpaktrke MeToabl udpoBoro kaprorpadupoBaHus 3Q(HEKTUBHO HUCTIONB3YIOTCS IS
KapTorpadupoBaHHs KJIACCOB U CBONCTB ITOYB HA OCHOBE YKOJIOTUYECKUX KOBAPHUAT, PACCUUTHIBAEMBIX T10
JMaHHBIM AMCTaHIHOHHOTO 30HaMpoBanus 3emin (Sumfleth, Duttmann, 2008; Arrouays et al., 2014; Gopp
et al., 2017; Chen et al., 2018; Soil organic..., 2018; Padarian et al., 2019; Suleymanov et al., 2021).
OpHako Takod METOA HE MOAXOAUT AJISl KPYMHOMAcIITaOHOTO KapTorpadupoBaHUs, KOTAa PacCTOSIHUE
MEXJy TOYKAMH OTOOpa MpoO IMOYBBI CIIMIIKOM Mallo W U3MEpseTCS B CAaHTUMETpax, W IMPH ITOM
OTCYTCTBYIOT MOAPOOHbIE TaHHBIE JUCTAHIIMOHHOTO 30HANPOBAHUS HKOJIOTMYECKHX KOBAPHAT C BHICOKUM
NPOCTPAHCTBEHHBIM pa3perieHueM. [103ToMy anpTepHaTUBHBIMH MOAXOJAMH JJIsl KPYIHOMAcIITaOHOTO
arpoXMMHUYECKOTO  KapTorpadUpOBaHUS CBOWCTB IOYB  SBISIFOTCS METOJBI  T€OCTATHCTHYECKON
MHTEPIIOIAINK, KOTOphIe moapoOHo ommcansl B nuteparype (Isaaks, Srivastava, 1989; Goovaert, 1997,
Oliver, 2010; Kpacunbuukos, 2009; Memankuna u nap., 2010; JlembsoB, CaBenbeBa, 2010). Omnenka
MPOCTPAHCTBEHHO-BPEMEHHBIX HM3MEHEHHH IUIOJOPOAMS IOYBHI C TMOMOIIBIO KapT HeoOXomuma s
BU3yaJM3allid COJICPYKAHUSl TUTATEIBHBIX BEHIECTB B IIOYBE B KaXKIOW TOYKE OIMPOOOBAHMS.
CpaBHUTENBHBIN aHANW3 KapT MOMOTAeT CJEIaTh BBIBOJABI O BIMSHUU arpOXMMHKATOB Ha H3MCHCHHC
COJep)KaHusl MUTATENbHBIX BEIIECTB B IMOYBE M NPOMCXOAALINX B HEll mpoleccax, MONy4ydTb Ooiee
noJpoOHYI0 KapTUHY MPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEH, a TaKKe OIICHUTH BIHSHUE
MUTATENLHBIX BEIIECTB IMOYBBI HA MPOJAYKTUBHOCTh PACTEHUIA.

Omnpoc, NpoBENCHHBIH B HECKOJBbKUX (EPMEPCKUX XO3ANWCTBAaxX, MOKa3aJ, 4TO OOJbIIas 4acThb
3eMJICTIONL30BATENCH MPH BHECEHHH YIOOPEHHH OpPWUEHTHUPYIOTCS Ha PEKOMEHIAIllMH, KOTOphIe, Kak
NPaBWIO, HE YYUTHIBAIOT IUIOJIOPOJIUE MTOYB, a JI03bI YIOOPEHHI PACCUUTHIBAIOTCS HA OCHOBE JAaHHBIX O
BBIHOCE DJIEMEHTOB NHUTAaHHS IUIAHUPYEeMBIM YypokaeM. lIpm TakoM mnoaxone HMMEIOLIHEcs 3arachl
3JIEMEHTOB MIUTAaHHA B IIOYBE HE YUHUTHIBAIOTCS, CIEIOBATEIFHO, PACUETHBIC JJO3bI BHOCUMBIX YAOOpEHUH
Ha IUTAHUPYEMBIH ypoxKail OyIyT BHICOKUMH, YTO MOXET MPUBECTU K HEOJIArONPHUITHBIM TOCIEACTBUSM
JUTSI TIOYBHI ¥ HEOTIPaBAAHHBIM (DHHAHCOBBIM 3aTpaTaM.

OnHOM U3 KyNbTYp, NEPCIEKTUBHBIX I PACIIUPEHUsT aCCOPTHUMEHTA BO3CIBIBAEMbIX OBOIICH B
Cubupu (®oteB u nap., 2018), siBasiercss OPOKKOJH, TOCTOMHCTBOM KOTOPOH SIBISETCS BBICOKOE
CoJiepKaHue IIEHHBIX MUTATENBLHBIX BemlecTB: Oenka (3,2-4,5%), xonmuHa u mernonuHa (4 mr/100 r),
kapotuHa (1,9-4,0 mr/100 1), caxapa (1,5-3,8%), anTukaHueporeHHoro BemniectBa (cynbdopadana)
(MHHOBAIIOHHBIE TEXHOJIOTHUH. .., 2012; [Toramosa u ap., 2016). 3ammTtHbie 3)dHEKTh OT prcKa pa3BUTHS
paka y 4deJoOBeKa MpH YHNOTPEOJEHWH B THILY OpPOKKOIM CBSI3aHBI C BBICOKHUM COJEpIKaHHEM
cepocojieprKalvX TIIMKO3UI0B M MPOAYKTOB MX pacnajaa — u3ortuormanaros (Verhoeven et al., 1996;
Razis, Noor, 2013).

Hcxonss M3 yCTaHOBICHHBIX (DaKTOB, HAMH OBUI IOCTaBJIEH JKCIIEPUMEHT, B KOTOPOM 3aIachl
SJIEMEHTOB TUTAHWS B TOYBE HE YYHTBHIBAJIM, a J03bl MUHEPAIBHBIX YIOOPECHUI OBUTH B3ATHl U3
PEKOMEHMIAIMIA IO BBIPAIMBAHUIO OPOKKONHU. JIaHHBIA DKCIEPUMEHT IMO3BOJMI TOKa3aTh, YTO Yy4YeT
MOTEHIUATBHOTO TUIOJIOPOAMS TIOYB MO3BOJISIET ONTHMH3UPOBATh (MHAHCOBBIC 3aTpaThl, a TaKKe
000CHOBaTh HEOOXOJIUMOCTH TPEIBAPUTENHFHON OIEHKM 3allacoB AJIEMEHTOB NHTAHHWS B TOYBE IPU
pacueTe ONTHMATBHOM 1036l yIOOPEHUH MPU BHIPANIMBAHUH OPOKKOIIH.

Ienp wccnenoBaHus — U3yYUTh BIMSHUE arpOXMMHUKATOB (MUHEPAIbHBIX M OPraHO-MHHEPATbHBIX
ynoOpeHuil, peryisaropoB pocTa paCTeHU W MEIMOpaHTa) HA MPOCTPAHCTBEHHO-BPEMEHHBIE H3MEHEHHS
CBOWCTB arpocepoii MOYBBHl U TPOJYKTUBHOCTH OPOKKOJIM C HCIOIb30BAHUEM KapTOrpa@uuecKoro
MOJX0J1a.

MATEPUAJIBI 1 METOJbI UCCJIEAOBAHUA

[Monesoit ombiT mpoBoawaK B 2016 rogy Ha y4acTke, pacrloloKeHHOM B palioHe cena beikoBo (54°
58'02.8"N; 83°5'21.45"E) wna 1oro-Bocroke 3amagHoir Cubupu (HoBocubupckas obOmacts). B
reoMop(oIOrnYecKkoM OTHOIIEHHH YYacTOK HaXOAMTCS B ceBepo-3amanHoi uactu [Ipencamampckoit
BO3BBINICHHOW paBHUHBI (BroBuH, Manonetko, 1969). A6comrorHas Beicota 130 M HaJ ypOBHEM MODS.
CoriacHo NpUPOIHOMY PaOHUPOBAHMIO, TEPPUTOPHS ydacTKa HAXOOUTCA B Ipeenax JIECOCTEITHON
30HBI, KJIMMAT KOHTHHEHTANbHbIA. Cpenaue temrepatypbl: rogoBas — -0,3 — -0,6 °C, suBaps — -19 °C,
ntonsg — +19 °C. Cymma cpeHUX CYyTOYHBIX Temreparyp Bo3ayxa Boiie +10 °C konebnercs ot 1600 no
1800 °C.menb. KommuectBo ocankoB Bapbupyer oT 400 no 450 mm/rox. Tepputopusi McciieTOBaHUS
OTHOCHUTCSI K HEIOCTATOYHO YBJIQXKHEHHOH 30HE, THAPOTEpMUYEcKUil KoapduuueHT B npeaenax 1,0-1,2
(Atmac, 2002).

OOBeKTHI HCCIICIOBAHUS - arpocepast HEHACBIILCHHAS CpeAHeryMyCUpOBaHHasI
Tsoxenocyrimmauctas nouBa (Luvic Retic Greyzemic Phaeozem (Siltic, Aric)) m cpemgHecnensiii copt
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KamycThl Opokkonu «JInHga». Arpocepas MmoyBa OMBITHOTO YYacTKa, JMATHOCTUPOBAHHAS TIO TIOJICBOMY
onpeaenutenato mouB Poccun (2008), OTHOCHUTCS K CPEIHETYMYCHPOBAHHOMY BHIY U XapaKTepH3YeTCs
KHCIION peakiueil Ccpeibl, CPeJIHUM YPOBHEM COJCP)KAHUS HUTPATHOrO a30Ta, OOMEHHOTO Kajius M
MAarHus; MOBBIIIICHHBIM — OOMEHHOT'O KaJbIUs; 0YeHb BHICOKUM — MOJABIKHOTO (ocdopa. ComepkaHue B
MOYBE OCHOBHBIX JJIEMEHTOB MHUTAHUS U TYMyca CHIDKAIOCH C TIYOMHOM, 32 MCKITIOYCHHUEM TOABHIKHOTO
thochopa, I comepkaHust KOTOPOro ObLIa XapakTepHa oopaTHas TeHaeHIms (Tadi. 1).

Taonuya 1
ATrpoxrMuYecKast XapaKTepHCTHKa arpocepor TIOYBHI
O6o3HaucHNE ConeprkaHre OABM)KHBIX Coneprxanne 0OMEHHBIX
Fymye,

TOPU30HTA, pHcon o (hOopM DIIEMEHTOB, MI/KT KaTHOHOB, CMOJIb(9KB)/KT
r1yOuHa, CM N-NOs P,0s5 K,0 Ca?" Mg**
P, 0-30 5,0 4,0 15,5 230 102 12,4 1,8
AEL, 30-41 4.8 2,4 10,8 250 80 9,9 1,9
BEL, 41-80 4.8 0,7 4,3 320 85 11,7 1,7
BT, 80-110 4.8 0,4 1,8 300 56 12,0 0,8
C, 110-150 45 0,2 1,2 450 60 11,5 0,5

OO6pa3ier arpocepoit mouBsl oTOmpanu u3 cios 0-30 cm (cpemussi mpoba W3 Tpex 0oOpasIloB,
OTOOpAHHBIX TIOYBECHHBIM OYpOM) TOJ] KaXIbIM pacTeHreM (24 IMIT.) JBAXKIIbI 32 BETCTAllMOHHBIN TEPUO/T;
nocie Bbicanku paccagsl (05.06.2016 1.) m mocne yOopku ypoxas (25.09.2016 r.). IIpoObr mous
MPOaHAIM3UPOBAHBI. Ha COJIEpKaHUE YTIIepojia MOKPBIM o30sieHueM 1o TropuHy, pH coyieBoil BBITSKKH —
MOTCHIIMOMETPUYIECKAM METOJIOM, COJIEpKaHWEe HHUTPATHOro a3oTa — mno KapnuHckomy-3aMsTHHOM
(akctparent 0,03 M K2SO4), nogsmwxkHoro docdopa — no Yupukosy (sxctparent 0,5 M CH3zCOOH),
obmennoro kxamus mo MacmoBoit (skctpareHT 1 M CH3COONH4), HeoOMeHHBIH Kamwii 1o IIpaT m
Mopce (akctparent | M HNO3) (Arpoxumuueckue. .., 1975; Ipaktukym. .., 2001; Munees u ap., 2001).
O6mmwmit (Posy), Munepanbubiit (P,..,) n opranuueckuit pochop (Pop.) onpenenens no meroxy CaHnepca u
Bunesmca (Soil sampling..., 2008). Ilo pasnune 3HaueHUil MEXKAY COICPKAHUEM MHHEPAILHOTO U
noaBwxkHOro ocdopa nmo Yupukoy omnpeaersiia Gpochop TpyaHOpacTBOpUMBIX GocdaroB. OOMEHHBIE
KaTHOHHI (Kayblui, Maraui) uzsnekann 1 M CH3COONH4 ¢ mocienyromum orpeieieHieM Ha aTOMHO-
a0COPOITMOHHOM CIIEKTPOMETPE.

CxeMma omplTa BKIIOYana cienyromue BapuanTel: (1) Koutpoms (6e3 ymoOpenwit), (2) don
(N100P60K 160); (3) ®on + sarapuas kucnora; (4) ®oun + momomur; (5) ®ou + mynsua; (6) OpraHo-
MuHepansHoe ynoOpenue «Kpuamn». Jo3bl MuUHEpalbHBIX yOOOpEHHH YKa3aHbl B JIEHCTBYIOILEM
BemiecTBe (xI.B./ra). B kadectBe HMCTOYHHKOB a3oTa, ¢ocdopa, Kaiusd M MarHds HCIOJIb30BaIU
CIeAyIore yIOOpPEHHs: HUTpaT aMMOHMs, oborameHHbiii Tymarom kammst (34% N); mBoiHOMR
cynepdocdar, oboramennsrii rymatom kanus (38% P2Os); xmopun xamus (60% Ko0), oborammeHHbIN
MarHueM; opraHo-MHUHepanbHoe yaoopenue «Kpuammy.

Paccamy Opoxkomm BeicakuBaiu 1mo cxeMe 50x50 ¢cM B JBOMHBIC PSIIBI C PACCTOSHHUEM MEXKTY
pagamu 70 cm (puc. 1, 2). Ilnomans 3KCHEPMMEHTAILHOIO ydacTKa cocTaisna 8 M2 (2x4 m). s
OpOKKONIM XapakTepHO HE OJHOBPEMEHHOE CO3pPEBaHUE COLBETUH, IO3TOMY CTENECHb 3PEIOCTH
OTIpEJIeNISUIACH 110 IMOSIBIICHHUIO TIEPBOI'O PACITYCKAIONIETOCsS I[BETKA Ha COLBETHH. B cyxwx oOpasmax
couBeTHil OpOKKOIM ompeneieHo obiiee coaepkanne azota Ha CHN-amamusatope, ¢ochopa —
KOJIODUMETPUYECKMM METOJIOM, a TaKkKe Kauus, KaJlblHs, MarHusi Ha aTOMHO-aOCOpPOIMOHHOM
CIIEKTPOMETPE € TPEABAPUTENBHBIM CyXuM o30ireHreM oopasios (IIpaktukym..., 2001; Kalra, 1998).

buonornueckue 0coOCHHOCTH OPOKKOJIM: gocturaet BeicoTy 70—-100 cM; OCHOBHas mMacca KOpHEH
3ajeraer Ha riryomne 20-25 cM; ManoTrpeboBaTesibHa K TEIUTy M IUIOAOPOIMIO TOYBBI, BIAaroiroOuBa,
BBIIEPKUBAET 3aMOpo3kH A0 -7-10 °C. OnTumamnbHble mapamMeTpbl OKpYsKalolled cpelbl: TeMIeparypa
Bo3ayxa or +16 mo +25 °C, oTHOCHTENbHAas BIAXHOCTh BO3Ayxa — 85%, BiaxHOCTh MouBbl — 70%
HaVMEHBIIEH BJIATOEMKOCTH, pEakiMs Cpeasl MouB — Onmskas K HeirpamsHoil (MHHOBaIMOHHEBIE
TEXHOJIOTHH. .., 2012).

ArpoxXrMUKaThl BHOCHJIA 4 pa3a 3a Ce30H B BHJE KHUIKHX KOPHEBBIX MOAKOpMOK. Jlo3pr NPK-
ynoOpeHuil B JIEUCTBYIOIIEM BeIlleCTBE OBUIN MepeBe/ICHbl B (PU3UUECKUI BEC M pa3JielieHbl Ha 4 YacTH,
KOTOpbIE PacTBOPSUIM B BozAe (8 1) mepen HEMOCPEACTBEHHBIM BHECEHHWEM B MOuBY. lIpuroroBneHHbIN
pactBop (0,5 1, pH = 7,2) BHOCKIIN 1O KaK10€ pacTeHne Opokkoiu. [leppoe BHECEHHE arpOXHMHUKATOB
NPOM3BOJMIIN Yepe3 HeNelo TOcie BBICAAKH paccaabl. [locieaHee NpUMEHEHHE arpoXUMHKATOB
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IPOBOAMIIM 3a JBE HeIeNu 10 yOOpku couBeTuil Opokkonu. Bpokkonau mnonuBamu Bce JIETO BOMOH
(pH=7,4) u3 pexn Mocuxa NMpakTUYECKH Yepe3 Kaxable JBa JHS, Tak kak B 2016 ronay HaOmomancs
nedunut atMocdepHbIX 0cankoB. OpocHuTeNnbHas HOPMA 3a BECh ce30H cocTaBmia 2000 m/ra.

Koutponn g Do

. Don +
& (6e3 ynoOpennmit)

H % : L
(N100P60OK160) [ — DOH + 10TOMHT @ou + mynbua OMY «Kpuamn 8

don +
SIHTApHask KHCIIOTA §

Konrpons

(6e3 ynobpenmit) &

Pucynox 2. Baemnuii Buj 6pokkonu B paszy 5-6 muctees (06.07.2016 r.). [Ipumedanue: KpacHbIM
KPECTUKOM 0003Ha4eHO PACTEHHUE, OTCTAIOIIEE B POCTE.

SIHTapHYI0 KHCTIOTY BHOCHIIM B IOYBY 4 paza 3a ce3oH B Buze 0,02% pactsopa (pH 7,4) mo 0,5 n
MoJ Kakaoe pactenue. SIHTapHas kuciaorta (OyTaHIHOBas KUCIOTa, 3TaH-1,2-mukapOOHOBAs KHCIIOTA)
MpeACTaBsieT coOO JBYXOCHOBHYIO KapOOHOBYIO KHCIOTY, KOTOpas B HEOONBUIMX KOJWYECTBaxX
COJEPKUTCS] BO MHOTHX PAacCTeHUsIX. SIHTapHast KUCIOTa CTUMYJIMPYET POCT M YBEJINYUBACT YPOXKaltHOCTD
pacTeHui, yiy4iiaeT 0OMEH BEIECTB U SBISETCS aKTHBHBIM KOMITOHEHTOM OPTaHU4eCKOro CHHTE3a.

JonomMutoByio MyKy, conepxarryto kaiapuuii (60% CaO) u marauii (25% MgO), BHOCHIH B ITOYBY
B Buge cycnensuu (200 r va 10 1 Bogsl, pH = 9,2) mo 0,5 1 mox xaxzaoe pactenue. OOmas mo3a
JOJIOMUTOBOM MYKH, BHECEHHOM 3a Bech ce30H, cocTaBmwia 200 r/m%. KomudecTBO BOJABI, BHECEHHOE B
BapHaHTaX C JOJIOMHTOM M SIHTAPHOW KHCIIOTOW, KOMIICHCHPOBAIH B OCTABINUXCS BapHAHTaX OIbITa
MTOJIMBOM YUCTOH BOJIOM.

ChIpy1o MyJibuy U3 CBEKECKOILIEHHOTO U U3MENIFYEHHOT0 OeJI0ro KieBepa BHOCKIN 4 pa3a 3a Ce30H
(100 r mox kKaxI0e pacTeHUE), KOTOPYIO CMEIIUBAIIN C BEPXHUM clioeM mouBbl. OOIIMi Bec BHECEHHON
MyJIb4H 3a Bech ce30H cocTaBmi 400 r. Conepxkanue OMOPUIBHBIX 3JIEMEHTOB (B % Ha aOCOIIOTHO CyX0e
BEIIECTBO) B MyJibue KieBepa Obuto cnenyrommM: a3oT (N) — 3,5-4,0; pocdop (P) — 0,26-0,33; xanuii (K)
—2,0-2,9; xanpumii (Ca) — 2,2-2,6; maruuii (Mg) — 0,21-0,80; cepa (S) — 0,20-0,30.
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OMY «Kpuamm» BHocunu 4 pasa 3a ce30H B Buae pactBopa (60 r Ha 10 11 Bozsl), 00beM BHOCUMOTO
pacTtBopa mox Kaxabli KycT cocrapisin 1in (pH=7,4). B OMY «Kpuamn» conmepxarcs (B % Ha cyxoe
BemtecTBo): a30T (N) — 11,5; dochop (P20s) — 12; xamuit (K20) — 14; xanpuuit (CaO) — 1,57; maraumii
(MgO) - 0,36; »xeneso (Fe) — 0,2; mapraner (Mn) — 0,005; muak (Zn) — 0,002; mexp (Cu) — 0,0003; 6op
(B) — 0,2; monmuoaen (Mo) — 0,0001. OoOmias m03a BIEMEHTOB THWTAHWs, BHECECHHAs 3a BECh CE30H,
cocraBuia: N30; P30; K40; Ca4; Mg0,9; Fe0,5; Mn0,011; Zn0,005; Cu0,0008; B0,5; M00,0003 (kr/ra).
[Ipu npomsBoactBe OMY «Kpuanm» B KauecTBE MCXOAHOTO CBHIPbSI MCHONB3YIOT OMMIKH, IPEBECHYIO
3011y, camporelb, WIKA TOJIBKO NeperHoi. KpoMe BbllIeHa3BaHHBIX JIEMEHTOB B YAOOPEHHU COIEpKaTcs
THOJIE3HBIC TIOYBEHHBIC MUKPOOPTaHNW3MBI, aHTHCENITUKH U AyOmIbHbIe BemecTBa. Paspaborunkamun OMY
«Kpunamm» sBisroTcst HoBocuOupckue yaenbie Kpusonynkas JI.M. u Kpysomymkuii B.C.

Cratuctiueckyto 00paOOTKy AaHHBIX MPOBOIWIM C HCIOJB30BAaHHEM ANMCIEPCHOHHOTO aHaln3a
ANOVA. Cpasnaenue BapuanToB (post hoc test) mpoBoamim o Metony boHpeponu, a Takke ¢ MOMOIIBI0
pacuera HamMeHbliel cymiectBeHHo# pasuuipl (HCP). Crenennp unTeHcuBHOCTH Bapuaimu (CV, %)
OLICHUBAJIM TIO miKane, kotopas mnpemnoxena WM.M. EmuceeBoit 1 M.M. I030ameBbiv (2002): cnabas
(CV<10 %); ymepennas (CV ot 10 no 25%); cunpHas (CV>25 %).

s ompenencHus HampapieHHs aHu3oTpormu (¢ asumyramu 0°, 45° uw 90°) wm3ydaeMbIx
HapaMeTpoB IS Pa3HBIX CPOKOB 0TOOpa 0Opa3IOB COCTABIISUIN IKCIIEPUMEHTAIBHBIC I TEOPETUUECKHE
BapuorpamMmsl B nporpammuoM obecnieuernn VARIOWIN 2.21 (Pannatier, 1996). C ucnonb3oBanueM
TaKUX MNapaMeTpoB Kak HarreT 3¢GQeKT, paauyc, MOpOr, aHW30TPONHS, IOJNYYCHHBIX B Ppe3yibTaTe
MOATOHKH TEOPETUYECKON MOJENIN K 3KCIEPHMEHTAILHOM, TPOBOAMIN HHTEPHOIAIMIO 3HAYCHUH MEXIY
TOYKaMH 0TOOpa 00pasloB METOJOM OPJMHAPHOrO KPHTHHTa B IporpaMMHOM obecrieuenuu Surfer 8.
OneHKy cTeneHn o01el MPOCTPaHCTBEHHOW HEOAHOPOJHOCTH MPOBOAMIIM 10 NTapaMeTpaM BapuorpaMMbl
JUTst Mojienielt (KITOHeHIIMalIbHas, ['aycca, cepuueckas) o cootHoieHuio Harrer/mopor (Co/(Co+C)) mo
cnenyromed mkane: <0,25 — cwipHas, 0,25-0,75 — cpeansist; >0,75 — cmabas mpocTpaHCTBEHHAs
Koppensius n3ydaembix nmapamerpoB (Cambardella et. all, 1994). JIns creneHHOl MOJenH Takas IIKaia,
10 Bce BUANMOCTH, HE pa3padoTaHa.

Kpocc-Banmmarmio u pacueT cpeaHekBaapaTudeckoi ommbkn RMSE (Root Mean Square Error)
nposoaui B SAGA GIS meronom «leave-one-out» o cienyromeii popmyste (Hengl, 2007):

1 l
RMSE = | 7 > [#s)) - #(s))] :

J=1

rae Z(Sj) — nmpencka3zaHHoe 3HaUeHHe; 2*(Sj) — GpakTuueckoe 3HaueHue; | — koamyecTBO ToYek
MPOBEPKH.
B ToM umcie OmeHKY TOYHOCTH I'€O0CTaTUCTHYECKOTO MOJICIHUPOBAHMS MPOBOAWIN C MOMOIIBIO
pacdera CpenHeil abcomoTHON oTHocuTenbHON ommOku MAPE (Mean Absolute Percentage Error) mo
cnenyrorieit popmyne (Adanackes, [pimun, 2008):

1 ‘yt - yt‘
MAPE == ——1x100
n \A
rie Yt — pakTuueckoe 3Ha4eHHE; Y, — IPOrHO3HOE 3HaYeHHE; N — 00BEM ITPOBEPOYHON BEIOOPKH.

MAPE ommbka Moka3siBacT, Ha CKOJBKO (B TIPOIIEHTaXx) B CPEAHEM IIPOTHO3 OTKIIOHSAETCS OT
(akTuueckoro 3HaueHus. MHTeprperanus OLEHKH TOYHOCTH MPOTHO3a Ha ocHoBe mHokasatenss MAPE
npejacTaBieHa B cienyromei rpamaumu (Adanacees, Llumun, 2008): <10% - Bwicokas; 10-20% -
xopomrasi;  20-50% —  ynoenerBoputenbHas; >50% —  HEYNOBIETBOPUTENbHAS  TOYHOCTh
MIPOTHO3UPOBAHUSL.

PE3VJIBTATBI UCCJIEJJOBAHI A

CTaTHCTHYECKMIl M reoCcTATHCTHYEeCKUi aHAau3 AaHHBIX. OIEHKA MOJYyYCHHBIX JAHHBIX II0
kputeputo Illanupo-Yuiaka 10 M TOciae BHECEHHMs arpOXMMHKATOB MOKa3aja, 4YTO BEPOSTHOCTHOE
pacmpezienieHle TaKuX CBOWCTB Kak pH, coxepikanue moaBrkHOTo (ocdopa 1 0OMEHHOTO Kaiublus He
MOJYMHSIOCh 3aKOHY HOpMalIbHOTO pacnpenenenusi ['aycca. HopmaneHOe pacnpenencHue B Hadaie
OBITA M3MEHWIOCh HAa AaHOPMAJIbHOE K KOHIly OMbITa JJIsl CONCP)KAHHS OPraHUYEeCKOro U
TpyaHopacTBopuMoro ¢ocdopa (tadm. 2).
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Tabnuuya 2
OmnucarenbHas CTATUCTHKA
Jlo BHECEHUSI arPOXMMHUKATOB [ocne BHECEHHsI arpOXUMHUKATOB
[TouBennsle 1 (nagayo ombiTa), N=24 (xoHer omnbiTa), N=24
momme [ yas | Tl |7 g [Tl
- . * . - *
Medy Qly Q3 W p Medl Q11 Q3 W p
. 5,03+0,29 5,18+0,65
PH coJieBo#i BBITSKKH 4,97: 4,88: 5.04 0,63 0,00 5.04: 4.71: 5,24 0,78 0,00
Yracepox e 2,360,11 097 | 073 2,45+0,12 0,93 011
A3OT HUTpATHbIH, 20,95+5,39 09 | 051 2,73+0,64 0,98 0,94
MI/KT
@occp;rp/zrmm, 2002+48 095 | 035 2061+47 0,95 0,24
®dochop TpyaHO- 731+105
pacTBOPHMBIH, MI/KT 675+51 0,95 0,34 708; 670; 764 0.84 0,00
®Dochop OpraHUYECKHiA, 1089+73
/KT 1086+60 0,96 0,65 1107: 1060: 1126 0,88 0,00
®dochop TOABHKHEIH, 244419 241435
MI/KT 247; 238; 257 o e 251; 231; 267 bige e
Ll COGiLL, 104+6,8 096 | 050 14436 0,92 0,07
MI/KD
Kanuit HeoOOMEeHHBIH, 1002+49
Mr/Kr 993—; 973: 1019 0,90 0,03 1002458 0,97 0,69
Kanbuuii 0OMeHHBIH, 13,4415 15,2455
CMOJIB(3KB)/KT 13,0; 12,7; 13,3 s s 13/4;11,9; 14,2 Uiss s
pren GG, 1,69+0,01 097 | 078 1,69+0,03 0,96 0,56
CMOJTB(9KB)/KT
BT O - - - 5924195 0,97 074
OpOKKOJIH, T

[Ipumeuanue: M + S — cpennee apupMeTHIeCKOe 3HaYCHUE U CTaHIApTHOE OTKIOHeHue, W — kpurepuit
Hlamupo-Yuika, p — ypoBeHb 3HauUMOCTH, * — 3HauyeHus Menuanbl (Med), mepBoro (Qi, 25%) u
tpetbero (Qs, 75%) KkBapTwiIs NPHBEACHBI TOJBKO JUISl JAHHBIX C aHOPMAIBHBIM pPacCIpe/eliCHUEM
(BBIIETIEHO cephbIM IBeTOM C P<0,05), ** — Oe3 eUHHI] H3MEPECHHUS.

Coracuo nurepatypusiM ganasivM (Hengl, 2007; Oliver, 2010), omgauM 13 yCIOBHEA PUMEHEHUS
METOJ/IOB TE€OCTATHCTHKH SIBIISIETCS HOPMAalbHOE BEPOSTHOCTHOE paclipelielieHre JaHHbIX. JlaHHbIe O
CBOWCTBAX TMOYB C AHOPMAJIBHBIM pACMpPECICHUEM TMPUBEIH K HOPMAIBLHOMY C TOMOIIBIO
norapuGMupoBaHus IS JaTbHEUIIEr0 MOCTPOCHUS BApHOTPAMM M TOJYYCHHUS MapaMeTpPOB MOJICIH.
OKCIepUMEHTaIbHbIC JaHHbIC JUIs OOJILIIMHCTBA CBOWMCTB IOYB HMMEJIM OJWHAKOBOE IOBEACHUE IS
pa3jIMyYHBIX HAIMPABJICHUH, T.€. XapaKTEPU30BAJIUCH M30TPOITHBIM MOBECHUEM MPOCTPAHCTBEHHON CBSI3U
(puc. 3, 4). llogxonsamuidi TMI MOAENH, MOPOr M HArreT (3PQeKT camopoaka) ObUIM OIpeneNeHbI 110
BCCHAIPABICHHBIM BapHorpaMmaM. [IOATOHKY TEOPETHUECKOW MOMENH K OKCIHEPHUMEHTATBHON
ocymiecTBiasin ¢ momoinsio omuu  «Best fit found», T.e. Haxoxmenue Hambosiee MOIXOMSAIIMX
nmapameTpoB. Ha pucynkax 3 u 4 moka3aHo, 4TO THIT MOJCIH JUIi MHOTHX CBOMCTB IMOYB U3MEHHJICS K
KoHIly ombiTa. Kpocc-Bamumanusi u cpaBHeHue 3HaueHuii RMSE «leave-one-out» momeneit co
CTaHJAPTHBIM OTKJIOHEHHEM H3y4aeMbIX IapaMEeTpOB IOKa3alid, 4To y OoJybliMHCTBAa Moueneir RMSE
00JIbIIIC MTOJOBHHBI CTAHIAPTHOIO OTKJIOHCHUS WM paBHO emy (Tabu. 2, 3). CorylacHO MCCIICIOBAHUAM
(Singh et al., 2004), 6nu3kue k Hy1r0 3HaYeHuss RMSE yka3plBaroT Ha HealbHOE COOTBETCTBHE MOJIEIH
(axtrueckuM maHHbIM. 3HaueHre RMSE MeHbIlle TOIOBMHBI CTAHIAPTHOTO OTKIOHEHWS YKa3bIBaeT Ha
BBICOKYIO TOYHOCTE MTPOTHO3MPOBAHMS. B MPOIMTHPOBAHHOM BBIIIIE UCCIICTOBAHNN HE TOBOPHTCSA O TOM,
KaKoro KauecTsa Oyzaet Moneis ecii RMSE paBHO cTaHmapTHOMY OTKIIOHEHHUIO WM OOIbIe ero. Takum
o0Opa3oM, cjejiaTh BBIBOJ OTHOCUTEILHO TOYHOCTH MOJIEJICH HA OCHOBE IIOJIYUEHHBIX B 3TOM
uccnenoBanuy 3HaueHnin RMSE HenpocTo, miiM 3TOT MoKa3aTe)ib HEBEPHO MHTEPIIPETUPYETCS, TaK Kak
BU3YallbHBIII OCMOTp COCTABIICHHBIX KapT (MPHBEJCHBI HWKE) IMOKA3bIBACT XOPOIIEEe COOTBETCTBUE
HWHTEPIOJIMPOBAHHBIX 3HAYCHUN (AKTHICCKUM JTaHHBIM.
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Jlo BHECeHUs arpOXUMUKATOB Ilocne BHECEHUS arpOXUMUKATOB
v (b)) v (b))
A 3
| PR 0,0036 [ RTINS
0,00081 .- . 00032 | — —
0.00072 1 e - 0,0028 «
0,00063 [ N - 0’0024 r-—-——~"~"~>"~"~"“~""7"" """ 7" " """ °"°7-°7°7°7°7°7
0,00054 [ y
0.00045 - . LO%; (pH) 0,002 [ Log (pH)
i HIT MOJICITH: CpepHyecKas L nemm: Tayeca
0.00036 |- Harrer, 0.0006 0.0016 T wogenn: Caycca
0,00027 | Tlopor: 000014 0,002 - Topor: 0,00055
auye: 1. L Pamnyc: 0,7434
0,00018 [ Annsorponns: | 0,0008 /\f:%ipmmu: 1
9e-05 HarreriTlopor: 0,81 0,0004 [ Harrer/Tlopor: 0,80
0 L Il Il L L L L L > 0 L L L L L L L L >
0 02 04 06 08 1 12 14 16 0 02 04 06 08 1 12 14 16
[h| [bl
v (Ih)) v (Ih))
004 4 R - 0016 & .
0021 [ 0,014
0018 F~ """~ ----< it 0,012
.
0,015 0,01
0,012 .y”‘el’"? OPTaHMMECKUH 0,008 | Yriiepoa opranuvecKuii
4 Tun mozienu: ceprucckas THn MojenH: CTeneHHas
0,009 [ gg;‘;‘_’[?ifolﬁf 0,006 Harrer: 0,011774
0,006 Paiyc: 0,638 0004 - Crenein: 0,45
. - Haon: 0,00237
Anmzotponus: 1 A 048
0,003 [ Harrer/Iopor: 0,93 0,002 HIBOTPOMIE: B,
0 L L L L L L L L > 0 | | L L L L L L >
0 0,2 0,4 0,6 0.8 1 1,2 1,4 1,6 0 0,2 0.4 0,6 0.8 1 1,2 1.4 1,6
[h| |
¥ (Ih) ¥ (h)
36 A . A [
» 048 P b
8 ey e Tl
24 0,36
20 . 03
A30T HUTPATHBIH A30T HUTPATHBIH
16 Tun MojieII: CTENICHHas 024 Tun Moen: cepuyeckas
| Harrer: 25,2 L Harrer: 0,392
12 Crenens: 0,53 0.18 Topor: 0,072
L Haxo: 5,137 012 F Paanyc: 0,72
Hanpasnenne: 10 Amnmsorporns: 1
4 Anmsorponus: 1 0,06 Harrer/Ilopor: 0,84
0 L L L L L L L L > 0 L L L L L L L L >
0 0,2 0,4 0,6 0,8 1 1,2 1.4 1,6 0 0,2 0.4 0,6 0,8 1 1,2 1,4 1,6
by [b|
v (Ihl) v ()
0,0024 L L. 0,0063
00021 [ « L 0,0056
ooms . 0,0049
S, SR 0,0042 |
0,0015 » 00035 | .
0,0012 [ Log (pocop moaBmsKHbIiT) § Log (docdop nonsukHblii)
L 0,0028 Tun MofeH: HKCIOHEHIMATBHAS
Tun MoaeH: SKCOHEHIIHATbHAS 5 ——
0.0009 . ; Harrer: 0,005
X Harrer: 0,001782 0,0021 Tlopor: 0,0008
L Topor:0,00023 d P"P""_ | os05
0,0006 Pazyc: 0,5509 0,0014 [ A:‘lfj"]ip P
- Anmsorponus: | [ y N
0,0003 Harrer/Topor: 0,89 0,0007 Harret/Tlopor: 0,86
0 1 1 1 1 1 1 1 1 > 0 L L L L L Il Il Il »>
0 02 04 06 08 1 12 14 16 0 02 04 06 08 1 12 14 16
[ [h|
v () ¥ (Ih)
4000 t » 2700 & e
2400 | R
O ittt
2100 [ R
3000 -
1800
2500 1500 |
2000 [ ®Docdop obmuii 1200 F Dochop o0mmii
1500 Tun Mozenu: creneHHas Tun Monenu: creneHHas
Harrer: 2478 900 [ Harrer: 1780
1000 F Crenens: 1,36 600 - Crenens: 1,48
Haxion: 625.3 Haxknon: 3474
500 [ Anmsorporus: 1 300 [ Amnmsorporns: 1
0 ! ! ! ! ! ! ! ! > 0 | | | L L L L L >
0 0,2 0,4 0,6 0.8 1 1,2 1,4 1,6 0 0,2 0.4 0,6 0,8 1 1,2 1,4 1,6
[ [hi
¥ (1)) ¥ (Ihl)
L ..
2100 [ - e 0,0036
woo LT T T T TTTTTTTTTTTTTTTOS R 0,0032
1500 | 0,0028 |-
0,0024 |
1200 1~ Docgop TpyanopacTBopuMbIii 0,002 Log (hocdop TpyaHOPACTBOPHMBDIiT)
L Tun vozen: clpopnceran 0.0016 - T one: oxcomem bR
900 Harrer: 1956 > Harrer: 0,003363
00 - Topor: 120 0,0012 Topor: 0,00008
Paiyc: 0,378 L Paiyc: 0,5478
L Amnmsorponus: 1 0,0008 Ammsotporus: |
300 Harret/Tlopor: 0,94 0,0004 HarrerTIopor: 0,97
0 Il Il Il Il Il Il Il Il > 0 L L L L L L L L T
0 0,2 0.4 0,6 0,8 1 1,2 1.4 1,6 0 02 0.4 0,6 0,8 1 12 14 1,6
[ [

Pucynox 3. BapuorpaMmbl 1715t ouBeHHBIX cBOWCTB. [Ipumeuanwue: y (1hl) — nomyaucnepcus, 1hi
— PpaccCTOsiHHE, M; SKCIICPHMCHTAJbHBIC NaHHbIC (KpacHas MyHKTUPHAs JIMHHUS C TapaMd TOYeK) U
TeopeTHIecKasi MOJIENb (YepHast IMHHUS), TOIy0O0il IyHKTUPHO JTHHKEH 0003HAYCHA TUCIIEPCHSI.
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/1o BHeceHus arpoXUMHKaTOB Ilocne BHeceHus: arpoXUMHUKATOB

v (i) v (Ihl)
e e e e A
4500 e e 0,0012 -oee
________ & o o e e e e e e - e
4000 0001 F —
1510 ToT T T T
3000 0,0008 |- T
2500 0,0006 [ it
2000 ®ocdop oprammueckuii ) Log (pocdop opranmgeckuii)
Turn Moaesn: CTErneHHas Tun voneau: eepuiccras
1500 Harrer: 4200 0,0004 |- Harret: 0,000881
1000 Crenenb: 0,41 [205[3:_ %ggg!f
Haxron: 336 0,0002 |- Avsorpoma: 1
500 . . . ) ) AHW‘JDTPOHM‘: ! ) Harret/TTopor: 0,87
0 > 0 ! ! ! ! | | ! ! >
0 0,2 04 0,6 08 1 12 14 1,6 0 0,2 04 0,6 08 1 12 14 16
hl |h|
v (i) N y(hl)
63 T 1400 &
% 1200
49
42 r 1000
35 F o’ 800
28 Kaymii o0MeHHbIH 600 |- Kanuii o6MeHHbIH
L Tun MoJienu: cTenenHas Tun Mojiesu: cTenenHas
21 Harrer: 33,75 200 - Harrer: 1130
14 F Crenenp: 1,73 Crenenp: 1,99
Haxson: 12,06 200 | Haxon: 56
Tr Annsorpornsi: 1 Anmsorpornms: 1
0 L L L L L L L L > 0 L L L L L L L L >
0 02 04 06 08 h 1 12 14 16 0 02 04 06 08 1 12 14 16
[hl
v (Ih) v (Ih)
> - . 4000 & -
— N
R . - 3600 |- ..
0'0004 3200 FE-"—"~>""=-===== === =7 “ _~ : ——————————
0,00035 wo | e -
0,0003 L
2400 o o
0,00025 Log (kamii HeoGMeHHBDIT) 2000 | Kaumii neoomenublii
0 0002 Twun MojiesH: SKCIIOHEHITHATbHAS Tur mozesn: okeroReHIaTBHAA
’ Harrer: 0,000447 1600 - Harrer:3400
0,00015 Topor: 1,805 1200 F Topor: 103.4
Pamuyc: 0,74
Panyc: 0,2418 ye: 0,
0,0001 Asmsorponas: 1 800 I Anmsorpons: 1
5e-05 Harrer/ITopor: 0,00025 400 + Harrer/Tlopor: 0,97
O L L L L L L L L » 0 L L L L L L L L »
0 0,2 04 0,6 0,8 i 1 12 14 16 0 0,2 04 0,6 08 1 12 14 16
i
v (IhD) \ v (Ihh)
A A .-
00027 PRI 0021 T I R .
0,0024 e * . 0018 L —
0,0021 | '.‘ R i .
00018 F - - - mmm e 0015 F -~ """~ ¢ T T T T T T T T T T T T
0,0015 |- Log (kaabuuii 06Mennblii) 0,012 |- Log (kaubuuii 00MeHHBbIIH)
- T TTH: 1 Tun Mozenu: SKIOHeHIHATbHAS
0,0012 Harrer 0002 O HeHaIRREE 0,009 [ Harrer: 0,015686
0,0009 |- Iopor: 0,00027 L Topor: 0,00327
0.0006 Pamyc: 1,0064 0,006 Pamyc: 0,7825
! Annsorpors: 1 Anusorporns: 1
0,0003 - Harrer/Topor: 0,88 0,003 |- Harrer/Topor: 0,82
o L L L L L L L L » O L L L Il Il Il Il L >
0 0,2 04 0,6 08 1 12 14 16 0 0,2 0,4 0,6 08 1 12 14 16
h h
v (Ihh) y(hl)
A
- - 0,0012
0,00036 |- - - -l
L e 0,001
0,00028 [
0,00024 0,0008
0,0002 [ Marnuii 00MeHHbIi . .
[ Tun MozieNn: SKKIOHEHIHAIbHAS 0,0006 Marunuii 00MeHHBbII
0,00016 Harrer: 0,00032 Tun Mosten: crenentias
0,00012 Topor: 2,03 0,0004 Harrer: 0,00087
! Pamnyc: 1,64 Crenensr: 1,47
8e-05 Aunsorponns: 1 0.0002 Haxon: 0,00014
46-05 Harrer/Iopor: 0,00016 g Anmzotporms: 1
O L L L L L L L L > 0 L Il L Il L Il Il Il »
0 0,2 04 0,6 08 1 12 14 16 0 0,2 04 0,6 038 1 12 14 16
Il l
v (IhD)
A "
40000 |_— T -~ .--" 7
710 T
30000 [
25000

| Bec conernii 6pokKoan
20000 THI MOZEIIH: IKCIIOHEHIMATbHAs
Harrer: 37000

15000 |~ Tlopor: 517,93
10000 |- Pamnyc: 1,6434
Assorpors: |
5000 [ Harrer/ITopor: 0,87
o L L L L L L L L >
0 0,2 04 0,6 0,8 1 1,2 14 1,6

Il

Pucynok 4. BapuorpaMmsl [Tl IOYBEHHBIX CBOHCTB M Beca COIBETHI Opokkoiu. [Ipumedanue:
v(1h1) — monyaucnepcus, Il — paccrosiHue, M; SKCIIEPUMEHTAIbHBIC TaHHBIC (KpacHast MyHKTUPHAS JTMHHSI
C TapaMu TOYEK) U TeopeTHdecKas MOACIb (YepHas JMHUS), TOIy00l MyHKTHUPHOW JHHHUEH 0003HaYeHA
JUCTIepCHsl.
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B wuccnemoBanmsix (Hengl, 2007) mnoka3aHO, 9YTO TOJBKO C TIOMOINBIO HE3aBHCHMOTO
(koHTpONMBHOTO) Habopa JaHHBIX MOXKHO pPAacCUYMTaTh WCTHHHYIO TOYHOCTh IPOTHO3UPOBAHUS
(uaTepnoaupoBanus). HecMoTpst Ha HEOOJIBIIONH 00beM BBIOOPKH, ObliIa IPEANPUHATA IMOIBITKA OLICHUTh
TOYHOCTH IPOCTPAHCTBEHHOTO MOJIEIHPOBaHUA MeTojoM «jack-knife» (T.e. B cirydaliHoM mopsiake
HECKOJIBKO HAOIOJICHUI OBLIM H3BSITHI M3 BBIOOPKH). M3 KaxIoro BapuaHTa OmMbITa OBUIO M3BATO IO
OJTHOMY HaOIIIOJICHUIO (JIO ¥ TIOC)Ie TPUMEHEHHUST arpOXUMHUKATOB). PacueTsl mokazanu Jist GOJBITHHCTBA
u3yyaeMbix napameTpoB 3HaueHus RMSE «jack-knife» MeHbIie mMoJOBHHBI CTAaHAAPTHBIX OTKIOHCHUH U
OHM HWXke o cpaBHeHHI0O ¢ RMSE «leave-one-out», 4to CBHAETENHCTBYET O BBICOKOW TOYHOCTH
uHTepnonuposanus (tabdi. 2, 3). Hekotopsie uccnemosarenu (Ali, Abustan, 2014) cuurator, uro RMSE
HEJIOTMYHBIA, HEOJHO3HAYHBIA WM HEBEPHO WHTEPIPETUPYEMBIA MapameTp Uil TOTO, YTOOBI JelaTh
BBIBOJIBI OTHOCHTEIBHO KauecTBa Mojeiei. [1oaToMy A0momHUTEN,HO OBUT MPOM3BEACH pacyeT TaKoro
HoKa3aTess Kak cpelHsisi abcolltoTHas oTHocuTenbHas ommboka MAPE (Mean Absolute Percentage Error),
Pe3yNbTaThl KOTOPOTO MPEICTaBICHBI B Ta0IHIIE 3.

Taonuya 3
O1eHKa TOYHOCTH T€0CTATUCTUIECKOTO MOJICITHPOBAHMS
Jlo BHECEHHS arpOXUMHUKATOB [Mociie BHECEHUS arPOXUMHKATOB
[ToYBEeHHBIE U pACTUTENbHBIC (w50 Orinie) (loistom Qs
RMSE RMSE MAPE RMSE RMSE MAPE
T1apavieTpbl «leaf-on- «jack- «jack- «leaf-on- «jack- «jack-
out» knife» knife», % out» knife» knife», %
pH coneBoii 0,29 0,15 2,3 0,65 0,32 50
Yruepon opraHuuecKuit 0,1 0,12 41 0,19 0,13 4.2
A30T HUTPATHBII 478 5,4 19,2 0,69 0,49 16,6
dochop obmmii 58,3 46,8 1,9 37,8 411 15
®dochop TPYyITHOPACTBOPUMBII 51,5 52,1 51 155,8 137,3 8,3
®Dochop OpraHuISCKHi 83,1 52,3 3,7 92,6 97,5 6,2
Dochop NOABIKHBIN 20,7 18,8 52 38,3 12,9 4.3
Kannit 0OMeHHBIN 4.8 4,0 2,9 36,2 11,4 7,3
Kainuii HeoOMeHHBIIH 51,8 28,8 2,1 59,8 71,8 56
Kanpuuii 0OMeHHbBIN 1,54 0,7 3,2 5,27 2,2 11,2
Marnuii 0OMeHHBII 0,018 0,02 1,2 0,03 0,03 1,2
Macca couBeTHii OpOKKOJIU - - - 203,3 225,0 36,6

[Ipumeuanue. RMSE npesacrasiieH B eAMHUIIAX U3MEPEHUs], KOTOPbIE IPUBEACHBI B TA0I. 2.

ITo sumauenmsm MAPE «jack-knife» MoxHO cienats BEIBOJ O BBICOKOH TOYHOCTH IMPOTHO3UPOBAHUS IS
napameTpoB, y kotopsix MAPE<10% u xopomeit — MAPE ot 10 no 20% (ta6u. 3). Jlnst Macchl corBeTnit
Opokkonu Mozenb Oblna yaoBieTrBopureibHoro kadectBa — MAPE ot 20 mo 50%. Takum obpasowm,
KayecTBO T€OCTATHCTUYECKOTO MOJACIMPOBAHMS TMOYBEHHBIX W PACTUTEIBHBIX IapaMeTpOB BIOJHE
mpueMJeMoe IS 3TOTO0 HMCCIEAOBAaHUS W BH3yallbHOE OTOOpakeHHWe Ha KapTax (IpUBEINEHBI HUXKE)
COOTBETCTBYET (DAKTUUECKUM JaHHBIM.

Onenka creneHy oOuiell MPOCTPAHCTBEHHON HEOAHOPOJHOCTH MO COOTHOILICHHIO HArTeT/TIOpOT
(Co/(Co+C) nokazaina, 4T0 €ro 3Ha4eHUs JJis1 OOJBIIMHCTBA MOYBESHHBIX CBOHCTB Oosbime mopora 0,75,
clemoBaTenbHO, HaOdromaercss crmabas MPOCTPAHCTBEHHAs KOppesinust Wik ciabas 3aBHCHMOCTH
NOJYAUCIIEPCUH OT PACCTOSIHUS MEXKAY TOYKaMH; MO BCEH BHIMMOCTH, 3TO CBSI3aHO C HAJIUYUEM
CTOXaCTHUYECKOTO MIOBEICHHS BapyUaliy B 00LIEH HEOAHOPOIHOCTH N3yYaeMbIX MapaMeTpos (puc. 3, 4).

IIpocTpancTBenHo-BpeMenHass u3MeHUYnBOCTh PH-KCl mouBbl. Peakmms cpemsr cosieBoit
BBITSDKKH TI0YB Tepes MIPUMEHEHUEM arpOXMMHKATOB ObLIa KHUCION M CIa0OKUCIION BO BCEX BapHaHTax
ombita (puc. 5, A). CraTHCTHUECKHE CpaBHEHHMS TMOKa3aJd OTCYTCTBHE paznuuuii pH mouBel mexay
Bapuantamu (puc. 5, A). Ilo 3nauenusim pH mocie mprMeHEHHs arpOXMMHKATOB IOYBA MPAKTHYECKU
BCEX BApHMAHTOB OTJIMYANach Jpyr oT apyra (puc. 5, b). B Bapmantax 1, 4 m 6 mnpousonuio
NoJIenaynBanue, a B BapuaHTax 2, 3 u 5 — NOAKHUCICHUE COJIEeBOM BBITSDKKM nouB. [lonmenaunBanue
MOYB B MIEPBOM KOHTPOJIBHOM BapHaHTE, MO BCEH BHIMMOCTH, CBS3aHO C MOJMBOM B IEPUO] BEreTalluu
Bojoi ¢ HelTpansubiM pH (pH = 7,4). B BapuanTte 4 mpou30mIIo 3HAYUTENBHOE MoAmenaunBanre pH
MOYBHI TIOCJIE BHECEHHS AOJIOMHTOBOIM Myku. Cpennee 3HaueHue pH mouBbl O BHECEHUs JOJIOMHUTOBON
Mykn Obuto 4,9, mocne ee BHECeHMs cocTaBmio 6,5. BHeceHne opraHo-MHHEpalbHOTO YAOOPEHUS
«Kpuamny, conepxaiiero B CBOEM COCTaBe 301y, IPUBEIO K MOAIIeTauuBaHnio pH Mo4YBEkL.
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Cornacno mikane (Enuceena, FO36ames, 2002), creneHs HHTEHCUBHOCTH Bapuariuu pH 10 u moce
BHECCHHUS arpOXMMHKATOB Xapakrepusyercs kak ciadas (CV<10 %) u ymepennas (CV ot 10 mo 25%)
cootBeTcTBeHHO (puc. 5 A, B). Koad¢uiuent papuaryu pH HOYBBI B KOHIIE ONbITA YBEIHYUICS B JBa
pa3a mocje BHECEHUS arpOXUMHUKATOB 110 CPABHEHHIO C TEM, YTO OBLIO JI0 BHECCHUS yI00PCHU.

J1lo BHECEHHS arpOXMMHUKATOB (Haqano OHLITa)

1 2 3 4 5 6
A HO BHECEHHUs arPOXUMHKATOB (Ha4YaJio OIIblTa)
BapuanTst 1 2 3 4 5 6
pH- KCI 1 - X X X X X
. . . . . . 2 X - X X X X
616 3 X X - X X X
4 X X X - X X
6,4 5 X X X X - X
6.2 6 X X X X X -
) M+ts 49+0,07 | 49+0,1 | 54+0,6 | 49402 |50+02 [49+0,07
6.0 cr 5.8
! Tlociie BHECEHHUS arpOXUMHUKATOB (KOHEIL OIbITa)
. 5,8 = o _ , s 5 Bapuantsl 1 2 3 4 5 6
1 - p<0,01 p<0,05 p<0,01 p<0,05 X
I 5,6 Ilociie BHECEHUS arPOXMMUKATOB (KOHEIL OITBITA) 2 p<0,01 - X p<0,01 X p<0,01
3 p<0.05 X - p<0,01 X p<0.05
| 514 1 2 3 4 5 6 4 p<0,01 p<0,01 p<0,01 - p<0,01 p<0,01
152 | . i " i 5 p<0.05 X x p<0,01 - <001
! 6 X p<0,01 p<0,05 p<0,01 p<0,01 -
—r 5,0 M+ts 5,1+0,1 [47+0,06 | 48+0,25|65+0,08|48+0,2]| 52+0,1
4.8 cv 12,6
T ™ % " 5 " J10 1 noclie BHECEHHS arPOXHMUKATOB
—t 4’6 Bapuantei 1 2 3 4 5 6
1 p<0,01
— 4.4 2 p<0,05
* g 3 p<0,05
4 p<0,01
E 5 p<0,05
6 p<0.05

Pucynox 5. Kaprorpammbl peakluy CpPeIbl COJIEBOW BBITSDKKM IIOYB 10 MU IIOCJIE€ BHECEHMS
arpoXuMHUKaToB. Bapmantel ombiTa: 1 — xoHTpONb (6€3 ymoOpenwmii); 2 — ®@on (N100P60K160); 3 —
@on+sHTapHas kuciora, 4 — Gontponomut; 5 — @ortmynbua; 6 — OMY «Kpuamn» (N30P30K40).
YcnoBuble 0003HaYeHus K puc. 5-15: X — ornmmumsa He 3HauuMbl; p<0,01 u p<0,05 — pazauyus 3HAYUMBI
IPH YKa3aHHON BEPOATHOCTH omMOKu (p); M £ s — cpenmnee apupMeTHIecKOe 3HAUEHHE W CTAHIAPTHOE
otkinonenue; CV (%) — koo durmeHT Bapranyy; TOYKH Ha KapTOrpaMMax — pacloIOKeHUEe OPOKKOIIH.

IIpocTpaHcTBeHHO-BPeMeHHAsl H3MEHYHBOCTbL CONEPKAHUSI OPraHMYecKoro Yyrjepoaa B
nouse. [lepen mpuMeHeHHEM arpoXMMHKATOB cojepxaHue opranudeckoro yriepoga (C,.) B mouse
Pa3HBIX BapUaHTOB OIBITA BAPHHPOBAJIO B TUara3oHe ot 2,2 1o 2,7% (puc. 6, A).

J1o BHECEHHS arpOXMMHMKATOB (HAYaJIO OIBITA)

1 2 4
A i b Jo ArpOXMMHMKATOB (Hayalo OnbITa)
4 g ' BapuanTs! 1 2 3 4 5 6
1 — p<0,01 X X p<0,05 p<0.05
- * * - * - 2 p<0,01 - X X X X
COpZ, 3 X X - X X X
4 X X X - X X
% 5 p<0,05 X X X - X
. - » - - . 6 p<0,05 X x X X -
2,7 4 Mts |2474006 2344005 | 24140,1 [235+0,16 | 231+0,11 | 235+0,07
N cr 4,6
2 s 6 3 Tlocne arpOXMMHKATOB (KOHEIL OTTbITa)
- * * - * e BapnanTst 1 2 3 4 5 6
2 ) 5 1 - X X X p<0,01 X
24 Tlociie BHECEHMS arpOXMMHUKATOB (KOHEIL OIThITA) 5 N = N < <001 N
! 3 X X - X X X
2 s 3 ;" ‘2 ?’ 4.' ? § 4 X X X - X X
5 p<0,01 p<0,01 X X - p<0,01
272 6 X X X X p<0,01 -
M+ts 2,37+0,03 | 2,42+0,04 | 2,48+0,1 | 2,49+0,15 | 2,62 +0,07 | 2,36+ 0,06
. . . . . - cr 4.9
W Jo u nocie ArpoOXHMHUKATOB
BapuanTs 1 2 3 4 5 6
1 p<0,05
2 p<0.01
) * * » » . 3 <001
4 p<0,05
B 5 p<0,01
A 6 X
- - - - * -

Pucynok 6. KaprorpaMMsl colepkaHnsI OPraHUYECKOTO yTJIepoJia B IMOYBE O U 1OCTE BHECEHHS
arpoXMMHKaToOB. BapmanTel omeita: 1 — KOHTponb (0e3 ymoOpenwmii); 2 — ®ou (N100P60K160); 3 -
®on-+saTapHas kucnora; 4 — @on+gonaomur; 5 — Gon+mynsya; 6 — OMY «Kpuamn (N30P30K40).
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Conepxanne C,p. B IOUBe BapuaHTa 1 ObLTO BHINIE MO CPaBHEHHUIO cO 2, 5 u 6 BapumaHtamu. B
IIOYBE OCTAJIbHBIX BAPUAHTOB OIIbITa OTINYUI 110 conepxkanuto C,py. HE 0OHAPYKEHO.

CraTucTiueckue CpaBHEHUS NOKa3alld, YTO IOC/IE NPUMEHEHUS arpoXUMHKaToB cojepxkanue Cop.
B BapHaHTe 5 ObUIO BBIIIE, YeM B BapuaHTtax 1, 2 u 6 (puc. 6, b). B mouBe apyrux BapuaHTOB OIbITa
pasznuumii B conepkanuu C,,. He 00HapyxkeHo (puc. 6, b).

YcranoBneHsl paznuuus B copepkaHun Cop. B mouBe BapuaHToB 1, 2, 3, 4 u 5 1o oTHOLIEHUIO K
COOTBETCTBYIOIIMM BapuaHTaM JO0 BHECEHUS arpoXMMHKaToOB: B BapuaHTe 1 ero conepxaHue
yMeHbIIIoch Ha 4%, Bo 2, 3, 4 u 5 — yBenuuminocs Ha 3—13%, ¢ MakcUMalbHBIM 3HAUYC€HHEM B BapuaHTE
5 (puc. 6, b). BHeceHHble B MOYBY aMMHauyHas CEIUTpa W ABOHMHOW cymepdocdar ObuiH 00OraIeHbI
TYMaTOM KaJjus, 10 Bceil BuagumocTH, yBenndenne C,p. B BapuanTax 2, 3, 4 u 5 cBA3aHO C BHECEHHEM B
MOYBY 3TOTO YIJIEPOACOACPKAILEIO COCAMHEHHS, a B ISITOM BapUaHTE C JIOMOJHHUTEIbHBIM BHECCHHEM
CBIPOM MyJIBYM.

CreneHp MHTCHCHBHOCTH Bapuammu copepxaHust C,p. 10 M TOCIE BHECCHUS arpOXMMHKATOB
xapakrepusyercs kak cinadas (CV < 10%) B oboux ciydasx (puc. 6, A, Bb).

I[IpocTpaHcTBEeHHO-BPeMeHHAs1 M3MEHYHBOCTH CO/JAEP:KAHUS HUTPATHOIO a30Ta B MOYBe.
[lepen mpuMeHeHUEM arpoXUMHKAaTOB COJEPXAaHWE HUTPATHOIO a30Ta B IIOYBE PA3JIUYHBIX BapUAHTOB
OIbITa BapbUPOBAJIO B MIKPOKOM auamna3zone ot 10 go 30 mr/kr (puc. 7, A). I[louBa mo o0ecre4eHHOCTH
HUTPATHBIM a30TOM OTHOCHJIACh K Kateropuu co cpeanuM (ot 10 mo 15 mr/kr) u BeicokuM (> 15 Mr/Kr)
ero cojepkanuem. [lousa Bapuanrta 2 oTinmyanach OT 3 u 4 Ooyiee BEICOKUM COJICp)KaHUEM HHTPATHOTO
azora B 1,4 u 1,7 paza cooTBeTCTBEHHO. B MOYBE OCTAILHBIX BAPUAHTOB OMBITA OTIIMYUH IO COAEPIKAHUIO
HUTPATHOTO a30Ta HE YCTaHOBIIEHO (pHcC. 7, A).

J1o BHECEHUSI arpOXMMHMKATOB (Haqano Ol'[BITa)

1 2 3 4 5 6
N-NOs - : . . .
JI0 BHECEHH s arpOXHMUKATOB (HAYAJIO OINbITa
mr/kr A - BapuanTst 2 i 3 : 4 :
30 1 X X X
28 2 - p<005 | p<0,05
26 i g -4 ° . <005 - x

p<0,05 X -
X X X

X X X

K 26,1 +54 | 184+29|155+38 | 2
cv 25,7

i R R R
e R R R PN

[ e e e | 1=

=N
© o
.

H+

]

D

to

v
o0
o
=N

6,3

%)
o
=)
N
o

%g TTocyie BHECEHHsI arpOXMMHUKATOB (KOHELL OIbITa)

10 . - _ “ = | Bapuants 1 2 3 5 6

1 - p<0,01 X p<0,05 X X

ITocne BHECEHUS arpoxXmuMHKaToOB (KOHCH OHI)ITa) P p<0.01 _ X p<0,01 X X

1 2 3 4 5 6 3 X X - X X X
N " S . . " 4 p<0,05 p<0,01 X - p<0,05 p<0,05

- S X X X p<0,05 - X

N-NOs 6 X X X p<0,05 X -
wr/kr M+s [30%02 ] 25+0 |26+09 [ 35403 [ 22+07 | 26+05

. . . 23,6
4,0 J1o 1 0CsIe BHECEHHUS arPOXMMHKATOB
3,5 Bapuantsl 1 2 3 4
30 1 p<0,01

>
&)l

Q

=~

v
=N

p<0,01

p<0,01

p<0,01

p<0,01

|| B

b

p<0.01

. . . . . .

Pucynox 7. KaprorpamMMbl colep:KaHus HUTPAaTHOI'O a30Ta B II0YBE A0 M IIOCIE BHECCHMSA
arpoXuMHUKaToB. Bapuantel ombiTa: 1 — xoHTpONh (6€3 ymoOpenwmit); 2 — ®on (N100P60K160); 3 —
®on-+saaTapHas kucnora; 4 — ®on+aonaomur; 5 — on+mynsya; 6 — OMY «Kpuamwm (N30P30K40).

Ilocne BHeceHHs arpoXMMMKAaTOB [10YBAa KOHTPOJIPHOTO BapuaHTa 1 ominyanach OT BapuaHTa 2
0oJjiee BBICOKHM COZICpXKaHUEM HUTpPATHOro a3orta B 1,3 pasa, a 0 CpaBHEHHIO ¢ BapHaHTOM 4 — Ooiee
HU3KUM B 1,2 pa3a. B Bapuante 4 conmepaHne HUTPATHOTO a30Ta B moyse Obuto B 1,2-1,6 pasa Bolie,
YeM BO BCEX OCTANbHBIX BAapHAHTaX, 32 HCKIIOYEHHEM BapHaHTa 3, TIAE pasziIuuus MEXIy ero
COJIEp)KaHMEM B IIOYBE CpPaBHMBAEMBIX BapHMaHTOB ObTM He 3HauuMbl (puc. 7/, b). Copepkanue
HUTPATHOTO a30Ta B MOYBE IMocje YOOpKU ypokas CHH3WIOCH B 7—10 pa3 OTHOCHTENBEHO BapHaHTOB /0
BHECEHUS yIOOPEHUH, YTO CBA3aHO C BBIHOCOM ypokaeM. Kpome 3Toro, B OCEHHHUI IeprHoA IPOUCXOANUT
OXJIaKJCHHUE MOYBbI, KOTOPOE MPUBOJAUT K YTHETEHHIO MHUKPOOHOIOTMYECKON aKTUBHOCTU M CHIKEHHUIO
COJIEp’KaHUsl HUTPATHOro a3ora B mouse. CoaepikaHWE HHUTPATHOTO a30Ta B IIOYBE IOCIE BHECEHUS
arpoXMMHUKATOB M cO0pa ypokas OPOKKOIH ObLTO HU3KUM.
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CrenieHb WHTCHCUBHOCTH BapHallUU COJEp)KaHUS HHUTPATHOIO a30Ta IO M TIOCJIE BHECCHUS
arpoXMMHUKATOB xapakrepusyetcs kak ymepentas (CV ot 10 1o 25 %) B oboux ciydvasx (puc. 7, A, B).

I[IpocTpaHcTBEeHHO-BpeMeHHAs]  M3MEHYHMBOCTH  COJAEpP:KAHUSI  OOIIEro, MOJABHKHOIO,
TPYAHOAOCTYNIHOTO U opraHuyeckoro ¢gocdopa B mouse. Ilo conepkanuio noasmwkHOTO (ochopa
I0YBa Pa3IUYHBIX BAPUAHTOB OIBITA JIO BHECCHHS arpoOXUMHKATOB HE OTIIMYANach MEXIy COOOH, 3a
HCKIIOYCHHEM BapuaHTa 4, rme Habmomanoch 0Oojee BBEICOKOE €ro COACpKAaHUE II0 CPaBHEHHUIO C
BapuantamMu 1 u 6 (puc. 8, A). CornacHo pa3zpaboraHHbIM rpamanusm (MeToandeckue ykazaHHS....,
2003), cepast ynecHasl MoYBa BO BCEX BapHaHTaX OMBITHOTO y4YacTKa OTHOCHJIACh K TPYIIE C OYEHb
BbICOKMM (> 200 mr P2Os/kr) comeprkanueM moaBmwkHoOro gocdopa.

[Mocne npuMeHeHUsT arpOXUMHUKATOB TI0YBa BapuaHTa 4 OTIUYANACH OT BCEX OCTAIBHBIX MEHBIIHM
conepkanueM nojaBmwkHOro ocdopa B 1,4-1,5 paza. B mouse BapuanTa 2 ero coxepxkanue Obuto B 1,1
pasa BbIlle, yeM B TouBe Bapuanta 6 (puc. 8, B). CyliecTBeHHBIX pa3iuyuii B COACPIKAHUN MOBHIKHOTO
(hochopa B mouBe MEXKTy BapHaHTAMU C Pa3HBIMU CPOKaMy 0TOOpA MPoO HE BBISBICHO, 32 UCKITFOUCHHEM
BapuaHTa 4, B KOTOPOM BHECEHHE JOJIOMUTOBON MYKH IMPHUBEIO K CHIKSHHIO €ro cojaepxkanus B 1,4-1,5
paza. CpenHee cojepikaHue TOBHKHOTO (hocdopa 10 BHECEHHSI TOJIOMUTOBON MYKH COCTABIISIIO 255 Mr
P,0Os mr/kr, a mociie BHecenus — 176 mr P2Os /kr. [louBa 10 BHECEHHUS TOJIOMUTOBOM MYKH OTHOCHIIACh K
TpyIIe ¢ OYeHb BEICOKUM COJIepKaHueM TOABIXKHOTO (hocdopa, a mocie ee BHECEHUs ObUIa OTHECEHA K
rpynmne ¢ Ooyiee HU3KMM, HO TaKK€ BBICOKMM cojaepkanueM. HaOmromaemblii s¢dexT cBsizaH ¢
umMmoOuM3anuer Gocdhopa B TPYAHOPACTBOPUMBIX (hocdaTax, comepkaHue KOTOPHIX B MIOYBE BapHaHTa
4 yeenmmumioch Ha 22% (puc. 9, B). Takum oOpa3oM, 1Mo IeHCTBUEM KAIBIMS U MArHUs, COICPKAITUXCS
B JOJOMHTOBOM MYyKe, IPOUCXOOUT XHMHUYeckass HMMoOmnm3amus Qocdopa u mocieayromas
TpaHncopmanus GochaTHOro COCTOSHHUS MOYB.

J1o BHECEHHS arPOXUMHKATOB (HAYAJIO OIBITA)

12 3 4 5 6

A & J1o BHECEHHUSI arpOXMMHKATOB (HAYal0 ONbITa)
Bapuantsl 1 2 3 4 5 6
ITonBuxHBII ; - X X p<0,01 X X
(octop, 3 x . - . . .
mr P:Os/kr 4 p<0,01 X x - X p<0,01
5 X X X X - X
oy 290 6 X X X p<0,01 X —
=T 280 Mz*s | 228+6 | 250+ 11 |229+44 | 255+5 |254+13|239+13
—270 cv 8,0
L1260 TTociie BHECEHNUS arPOXHMUKATOB (KOHEIL OIIbITA)
BapuaHTbl 1 2 3 4 5 6
.[ 250 1 - X X p<0,01 X X
240 Iloce BHECEHUSI arpOXMMUKATOB (KOHELL OIIBITA) 2 X - X p<0,01 X p<0,01
3 X X - p<0,01 X X
230 1 2 3 4 p<0,01 | p<0,01 | p<0,01 - p<0,01 | p<0,01
220 5 * = ] 5 X X X p<0,01 — X
. 210 4 6 X p<0,01 X p<0,01 X -
M+s 247+14 | 264+ 11 | 260+20 | 176 £21 | 266 +26 | 238+8
—T 200 £/ cr 14,7
—190 & = J1o ¥ nociie BHECEHHsl arpOXMMHKATOB
L1180 Bapuantsl 1 2 3 4 5 6
1 X
—170 _ 3 .
—L 160 3 X
4 p<0,01
b s .
. F- 6 X

Pucynok 8. Kaprorpammsl cojepaHus MOABHKHOTO (Gocdopa B MOUBE 10 U IOCIAC BHECCHHS
arpoxuMukaToB. BapuaHTtel ombita: 1 — KoHTposb (0e3 ymoOpenwmii); 2 — ®on (N100P60K160); 3 —
®don+sHTapHAas Kucnora; 4 — @ort+nomomurt; S — @on+mynpua; 6 — OMY «Kpuamm (N30P30K40).

C onHOM CTOPOHBI, XUMHYECKOE CBsI3bIBaHUE (ocdaT-HoHa KaIbIHEeM, MarHUEM U OPraHUYeCKHUMU
COCAMHEHUSIMU MPEJOTBpPAIIaeT €ro BBHIMBIBAHME W3 IOYBBL, YTO OJArompuATHO OTpakaeTcs Ha
(dochaTHOM COCTOSTHMM TIOYB, &, C JPYIrol, BHECEHHE KaIbIIMHCOAEPIKAIIMX COCIUHCHHH CHIDKACT ITyJI
€ro MOJIBUKHBIX ()OPM U MOXKET BBI3BATh JNE(QUIMT 3JIEMEHTA MPH BBIPANIUBAHUHN KYJIBTYp Ha MOYBAX C
€ro HHU3KUM cojaepkaHueM. M3ydaemas moyBa He OTHOCHJIACH K KaTErOPHUHM C HU3KHM COJEpKaHUEM
MOABMXKHOTO (hochopa ¥ B COIBETHIX OPOKKOJIM, BRIPAIICHHOW ¢ BHeCeHHEM ojoMuTa Ha poHe NPK-
ynoopenuii, He orMeuasncs aeduuut Gochopa. Hanporus, ero coaeprkaHie COOTBETCTBOBAIO ONITUMYMY
— 0,62%, ¥ 1O CpaBHEHUIO C JAPYrMMH BapUaHTaMH OMbITa ObUIO MaKCHMalbHbIM (Tabm. 4).
CrenoBatesibHO, TAKOH HEXeNaTeIbHBIA MPOLIecC KaK XUMHUUYecKasi nMMoounu3anus ¢Gocdopa B mouBax ¢
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BBICOKHM COJICPYKaHUEM €ro MOJBHXHBIX (OPM HE OKa3bIBACT OTPHLATEIBHOIO BIUSIHUS HA MOTJIOMICHHE
(dochopa pacTeHUSIMH.

Jlo BHECEHUS arpOXMMHUKATOB (Haqano OHBITa)

A ! : J10 BHECCHHUSI arpOXMMUKATOB (HAYaJIO OIIbITA)
Bapuantst 1 2 3 4 5 6
1 - X X X X p<0,05
®ocdop TpyaHo- | ) 2 x - x x x x
PacTBOPUMBIX i X X = X X s
o X X X - X X
COEIMHEHHUIA, 5 X x X X - g<o,05
mr P20s/kr . q 6 p<0,05 x x p<0,05 | p<0,05 -
M=ts 642 £33 | 671 +38 | 717+54 | 658+79 | 647+29 |715+23
1050 cv 7.1
1000 Tlocie BHECEHHUsI arpOXHMHKATOB (KOHELL OMbITa)
. . ¥ . - ‘, BapuanTter 1 2 3 4 5 6
950 IMociie BHECEHUsI AarPOXMUMHUKATOB (KOHEIL OMIBITA) ! - = x p<0.05 x z
—+ 900 LD i\ 2 X — X X X X
3 X X - X X X
850 ,1 2 3 4 5 @ 4 p<0,05 X X - X p<0,05
800 5 X X X X - X
750 6 X X X p<0,05 X -
700 M+s 670+9 | 698 +68 | 663 +£48 | 845+72 | 807+ 172 | 683 +24
3 cv 13,1
T 650 HO M I10CJIE BHECEHHS arPOXUMHUKATOB
L1 600 Bapl/Ila.HTLI )1( 2 3 4 5 6
. 2 X
3 X
4 p<0,01
B 5 p<0,05
. 6 X

Pucynox 9. KaprorpamMmsl coiep:kaHus TPYAHOPACTBOPUMBIX coenHeHnid Gocdopa B mouse /10 u
mmocjie BHECEHHs arpoXUMHKaroB. BapwanTel ombita: 1 — koHTponb (0e3 ymoOpenuit); 2 — Don
(N100P60K160); 3 — dou+siHTapHas kucinota; 4 — Doutmonomut; 5 — Pontmynpua;, 6 — OMY
«Kpunamm» (N30P30K40).

AHanu3 AUHAMUKH conepkaHus obmiero Qocdopa B mouBe A0 U mocie BHeCeHHS (POChOpHBIX
yIOOpeHuit MoKasai, 4To B IOYBE BapuaHTOB 2, 3, 4, 5 1 6 HAOIII0JAIOCh YBEIMUYEHHE €r0 COJICpKaHMs Ha
2,6-3,6% (puc. 10 A, B).

J1o BHEeCEHUs arpOXUMHUKATOB (HAYAJIO OIBITA)

1 2 3 4 S) 6

A i J10 BHECEHHs arPOXUMHKATOB (HAYaJIo OIbITa)
BapuanTsr 1 2 3 4 5 6
M 1 - X X X X X
O6HIHH 2 X - X X X X
(bOC(bOp, 3 X X - X X X
Mmr P20s/kr 4 3 3 3 - 3 3
5 X X X X - X
2140 6 X X X X X =
2120 M+ts 1998 £56 | 1964 +79 | 2001 £33 | 2026 +£46 | 2041 £41 | 1998 +35
cyv 2,7
2100
ITociie BHECEHNs arpOXHMMUKATOB (KOHEIL OIbITa)
2080 BapuanTst 1 2 3 4 5 6
2060 1 - X X X X X
2 -
2040 3 ; x . x x ;
2020 1 2 3 4 5 6 4 X X X - X X
2000 b " *: —~— 5 X X X X - X
1980 6 X X X X X -
M+s 2038 +£48 | 2034+ 79 | 2065 +45 | 2078 +£37 | 2095 +£34 | 2062 +28
1960 cv 24
1940 JI0 W mociie BHECEHHs! arPOXMMHUKATOB
BapuanTsr 1 2 3 4 5 6
1920 1 "
1900 2 p<0,05
3 p<0,05
1880 4 p<0.05
5 p<0,01
6 p<0,01

Pucynox 10. Kaprorpammel coaepxkanust oOmero ¢ocdopa B MOYBE JO M IOCIEC BHECCHHS
arpoxXuMuKaToB. BapuaHTel ombita: 1 — koHTponb (0e3 ynoOpenwii); 2 — ®@on (N100P60K160); 3 —
®ontsHaTapHAs KucnoTa; 4 — @ort+nonomurt; 5 — Dor+mynsua; 6 — OMY «Kpuamm» (N30P30K40).
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ConepxaHue oprannveckoro gocgopa yBeIHUMIOCh B TIOYBE BapuaHToB 3 u 6 B cpeaneM Ha 8%,
YTO CBSI3aHO C BIMSHHEM OPraHUYECKHX KHCIIOT, BHECEHHBIX [OIMOJHHUTEIBHO C yHOOpPCHUSMH, U
CIIOCOOCTBYIOIIMX KMMOOMIH3aIHK (pochopa B OpraHOMUHEPATIbHBIX coenuHeHusx (puc. 11, A, B).

2!0 BHCECCHUSA arpoOXuMHKATOB (HayaJio oubITa)

1 2 3 4 5 6
A J10 BHECEHHUsI arpOXMMHKATOB (HAYaJIO OIIbITA)
Bapuants 1 2 3 4 5 6
1 - X X X X X
Oprannueckuii » . L . ’ | 2 x - x p<0,05 p<0,05 X
3 X X - p<0,05 p<0,05 X
(I)OC(I)Op, 4 X p<0,05 p<0,05 - X p<0,01
mr P20s/kr 5 X p<0,05 | p<0,05 X 7 p<0,01
— 1230 - - L L - g 6 X X X p<0,01 p<0,01 -
M+s 1128 £72 | 1044 +£58 | 1054 +49 | 1113+43 | 1139+36 | 1044 £25
11200 v 6,0
1180 b i 4 - it . [Tocne BHECEHNSs arpOXMMHUKATOB (KOHEI ONbITa)
Bapuantsr 1 2 3 4 5 6
— 1160 i .
Iocse BHECEHUS arPOXUMHUKATOB (KOHEIL OIIbITA) X X X S X
[’ 1140 2 X — p<0,05 X X p<0,05
| 3 X p<0,05 - X X X
1120 1 2 3 4 5 6 . , . . * . .
= 1100 B = 2 i * i 5 X X X X - X
11080 6 X p<0,05 X X X -
Mzts 1073 +28 | 1060 +44 | 1142+33 | 1057 +65 | 1001+99 | 1142+41
[’ 1060 | 3 R A v A cv 6,7
+ 1040 Jlo 1 mociie BHECEHHS! arPOXHMUKATOB
1020 BapuanTst 1 2 3 4 5 6
1 X
1000 N 4 s 3 ] P X
— 970 3 p<0,05
4 X
B 5 p<0,05
- - - - - . 6 p<()’()1

Pucynok 11. KaprorpamMmel copepikanus opranndeckoro ¢ocdopa B IMoUBe J0 U IOCIIC BHECCHHS
arpoxXuMHUKaToB. Bapuantel ombiTa: 1 — xoHTpONh (6€3 ymoOpenwmii); 2 — ®on (N100P60K160); 3 —
®dontaaTapHas kuciora; 4 — @ont+monomurt; 5 — Por+mynrsda; 6 — OMY «Kpuamm (N30P30K40).

Takum 00pa3oM, HE HCIOJNB30BAHHBIN pacTeHUsAMH (ochop aKTHBHO HMMOOHIN3YETCS B
pe3yibTaTe XUMHUECKOTO B3auMO/IeiicTBUS BeliecTB (PochOpHBIX yIoOpeHuit U OpraHuuecKUX KHUCIOT),
BHECEHHBIX B TOuBY. OpraHodocdarsl OTHOCATCS K OJIDKAMIIMM pe3epBaM, MOMOJHSIOMINM ITyJl
NOABIXHOTO (ocdopa nociie uX MUHEPAIH3aIMH, TOATOMY YBEIIMUCHHUE UX COJEPKAHUs OJIaronpHsaTHO
CKasbpiBaeTcsl Ha (GochaTHOM COCTOSHUM IOYB M IMPEJOTBPALIAET €r0 BhIMbIBAHUE (PHIBTPAIIMOHHBIMU
BOJAaMU B HIDKENSKAIe TOPU3OHTH. B mouBe BapwaHTa 5 cojaepkaHue opraHmdeckoro ¢ocgopa
CHM3WIOCH Ha 12% MO OTHOWICHWIO K COOTBETCTBYIOIIEMY BapHaHTY JI0 BHECCHHUS arpOXMMHKATOB U
ceipoii Mynbur (puc. 11, B). B Bapuante 2 Takoro 3¢ dexra He HaOIOAaIH, CICI0BATEIbHO, COSIUHCHUS,
00pa30BaBIlIKECs B TIOUBE 5-TO BapUaHTa MOCIE PA3I0KEHHS CHIPOH MYJIbYH CIIOCOOCTBOBAIH TEPEBOIY
HEKOTOPOH YacTH OpraHudeckoro ¢ocdopa B TpyJHOpacTBOPHMBIE (OPMBI, COACP)KAHUE KOTOPHIX B
CBOIO ouepes yBenuumiock Ha 20% (puc. 11, b).

CrerneHb MHTCHCHMBHOCTH BapHalldd COJEPIKaHUSA OOIIEro, MOJBUKHOIO, TPYAHOPACTBOPUMOTO U
oprannveckoro (ochopa 10 BHECEHHS arpoXMMuKaroB Obuia ciaboit (CV<10%). Tlocine BHeceHHs
arpoXMMHUKATOB 3TOT MOKA3aTelb IS MOJBIKHOTO U TPYIHOPACTBOPUMOTO (ocopa yBennduics Oolnee
yeM B 2 pasza W crtanm ymepeHHbiM (puc. 8, 9), a miust comepxkanus obmiero docdopa mocie BHECCHUS
arpoXMMHUKATOB CYIIECTBEHHO He n3Menumcs (puc. 10).

I[IpocTpaHcTBeHHO-BpeMeHHAs] HW3MEHYHBOCTH CO/leP:KAHUST OOMEHHOr0 M HEeOOMEHHOro
KaJus B mo4Be. Pa3nuuus 1o cojepkaHnuio OOMEHHOTO Kalus B ITOYBE Pa3IMYHBIX BAPUAHTOB OITBITA JI0
BHECEHUS arpoOXMMHKATOB ObUH He cymecTBeHHBI (puc. 12, A). CormacHo pa3paboTaHHBIM TPaJIanusM
(Meroauueckue ykaszanus...., 2003), arpocepast moyBa BCEX BAPHAHTOB OMBITHOTO YyY4acTKa OTHOCHIIACh K
rpynne co cpennum (101-150 mr K,O/xr) cogepxkanneM oOMeHHOro kamus. [locie NpUMEHEHHUs
arpoXMMHUKATOB COJiepKaHue OOMEHHOrO Kajius B Bapuantax 2, 3, 4, 5 yBemnumiocs Ha 34-88%
OTHOCUTENFHO COOTBETCTBYIOIIMX BApPUAHTOB /10 IPUMEHEHUs arpoXxuMukaroB. [louBa B Bapuanrax 2, 3,
4, 5 mocie BHECCHMS KAIMWHBIX yIOOpeHHd U cOopa yposkas OTHECEHA K TPYIIIEe C MOBLIICHHBIM (151—
200 mr KoO/kr) comeprkaHueM oOMeHHOro kanus. Cpeau 3THX BapHaHTOB II0YBa BapuaHTa 3
XapaKTepu30Bajlach HAMMEHBLINM COJep)KaHueM 0OMeHHOro Kanus (puc. 12, b).
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J1o BHECEHHUS arpOXMMHKATOB (HAYaJI0 ONBITA)

1.2 3 4 5 ¢
J1o BHECEHHsI arPOXUMHKATOB (HA4aJI0 ONbITA)
BapuaHThbI 1 2 3 4 5 6
1 — X X X X X
o 2 X — X X X X
OOMeHHBIA ¢ . . . . . 3 " X . " " "
KaJunu, 4 X X X - X X
mr K20/xr 5 X X X X - X
- - - - - . 6 X X X X X —
i[220 M=*s 108+3 | 109+5 [ 102+11 98 +8 103 +4 105+3

210 cv 6,6
1200 ITocne BHECEHHS arpOXUMHKATOB (KOHEL! OITbITA)

190 . ~ ’ = -~ ] BapuanTst 1 2 3 4 5 6
= 1 = p<0,01 | p<0,05 | p<0,01 | p<0,01 | p<0,05
1180  Tlocse BHecEHHs arpOXMMHUKATOB (KOHEIl OMbITa) 2 p<0.01 - p<0.05 x x p<0,01
—170 3 p<0,05 p<0,05 — p<0,05 X p<0,05
60 1 2 3 4 5 5] 4 p<0,01 X p<0,05 - p<0,05 | p<0,01

b . - o r 1 5 p<0,01 X X p<0,05 — p<0,01
—T1150 6 p<0,05 | p<0,01 | p<0,05 | p<0,01 p<0,01 -
—140 M=ts 110+3 | 184 +28 [ 137+ 18 | 184+18 | 146+ 16 | 104+3
1130 cv 24,6
L1120 E & = % E: | J10 W 1ocjie BHECEHHS] arPOXUMHKATOB
1110 BapuaHThI 1 2 3 4 5 6
1 X
—100 2 p<0,01
—90 i % * * i i 3 p<0,05
4 p<0,01
5 p<0,05
B | Y 6 X

Pucynox 12. KaprorpamMMsl conepkaHHS OOMEHHOTO Kaiusi B IIOYBE J0 M IIOCIIC BHECEHHS
arpoxuMukaToB. BapuanTel ombita: 1 — koHTponb (0e3 ynoOpenwii); 2 — @on (N100P60K160); 3 —
®on-+sHTapHas kucnora; 4 — @on+aonomur; 5 — Gon+mynsya; 6 — OMY «Kpuamw (N30P30K40).

Baecenne kanuiHBIX yAOOpeHHH HE CIIOCOOCTBOBANIO YBEIMYEHHUIO COJCPXKAHUS HEOOMEHHOTO
Kanus B mouse (puc. 13, A, b).

J1o BHECEHUS arpOXMMHUKATOB (HAYaJI0 OIBITA)

* * *» * * *
A J1o BHECEHHSs arpOXHMHUKATOB (HAaYaJIo OIbITa)
BapuanTsl 1 2 3 5 6
HeoOMeHHbIi 1 - x x p<005 | p<0.05 x
KaJIui, - - * * » - § X - X X X X
X X - X X X
mr K:O/xr 4 p<0,05 X X - X X
—r 1140 5 p<0,05 X X X - X
» . - ™ » » 6 X X X X X -
—r1120 M+s | 965+21 | 1021+57 | 971 +27 | 1056+ 62 | 1027 £ 31 | 97320
—1 1100 CcVv 4,9
TTociie BHeceHus ArpOXMMHKATOB (KOHEIL OTIbITA,
1080
[T * * - . - * | Bapuantsl 1 2 3 4 5 6
—+ 1060 1 - p<0,01 | p<0,01 | p<0,01 | p<0,0L X
11040 Ilocne BHECEHMS aTrPOXUMHUKATOB (KOHEI OIIBITA) 2 p<0,01 - p<0,05 X X p<0,01
3 p<0,01 | p<0,05 - p<0,01 x p<0,05
r» 1020 1 2 3 4 5 6 4 p<0,01 x p<0,01 - x p<0,01
1000 . »- . - . » 5 p<0,01 X X X - p<0,05
6 X p<0,01 p<0,05 p<0,01 p<0,05 =
=980 M+s | 926+25]1068+59 | 986 +34 | 1038 + 19 | 1028 +50 | 968 + 23
] cv 59
L | gig . = * 2 * “ Jlo 1 mocjie BHECEHHUS! arpOXMMHKATOB
BapuanTst 1 2 3 4 5 6
L’ 920 1 X
— 900 * . * - - * 2 X
3 X
4 X
B 5 X
- - L L ] - L ] 6 X

Pucynox 13. KaprorpaMmbl coliepKaHusi HEOOMEHHOTO KaJldsi B TOYBE JO M TIOCJIC BHECCHHS
arpoXxuMHuKaToB. Bapmantel ombita: 1 — xoHTpoNb (6€3 ymoOpenwmii); 2 — ®@ou (N100P60K160); 3 —
®ont+sHTapHAas kucnora; 4 — Gortnomomurt; 5 — @ontmynsua; 6 — OMY «Kpuamm (N30P30K40).

CreneHb WMHTEHCHBHOCTH BapHalMd COAEPXKAaHUS OOMEHHOrO Kalus 10 U IIOCIe BHECCHUS
arpoXMMHKaToOB Xapaktepusyercsi kak cmabas (CV<10%) m ymepennas (CV or 10 mo 25 %), a
HeoOMeHHOTro Kaius — kak cinadas (CV<10%) B oboux ciyuasx (puc. 12, 13).
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IIpocTpaHCTBEHHO-BPEMEHHAsI W3MEHYHBOCTH COMEPKAHUS OOMEHHOT0 KAJBIHS B MOYBE.
CratucTuueckne CpaBHEHHS Tiepel] TMPHMEHEHHEM arpoOXMMHKAaTOB TIOKAa3aJld, YTO pasiuddsi B
COJIepKaHUU OOMEHHOTO KaJNBIWS B IOYBE BCEX BapHAHTOB HesHaunTenbHBI (puc. 14 A). CormacHo
paspabotanHoii rpaganuu (MeTtoauueckue yka3aHus...., 2003), mouBa OMBITHOTO y4acTKa OTHOCHIIACH K
TPYIIIE C TIOBBIIICHHBIM COJlepkaHueM ooMeHHoro kanbius (10,1-15,0 cmons (+)/kr).

ZIO BHECCHUA arpOXUMHUKATOB (HayaJio onbITa)

1 2 3 4 5 6
. - - - - -
A J10 BHECEHHS arpOXHMMHKATOB (HAYaJIO OIIbITa)
BapuanTst 1 2 3 4 S 6
1 - X X X X X
OOMeHHbIH * i * : 1 § i ; . i i i
KaJbLui, 4 X x X - x X
CMOJTB(9KB)/KT 5 X X X X - X
31 . . . . . . 6 X X X X X
M+ts 129402 |128+04 | 154+3213,1+0,8|134+0,8[13,0£03
30 v 114
28 TTociie BHECEHHS arpOXHMHKATOB (KOHEIL OIbITa)
26 s . ” . " o BapuaHTst 1 2 3 4 5 6
1 - p<0,01 X p<0,01 p<0,05 X
24 Tloclie BHECEHUS arpOXUMUKATOB (KOHEII OIBITA) 2 p<0.01 - X p<0,01 X p<0.01
22 3 X X p<0,01 X p<0.,05
20 1 2 3 4 5 6 4 p<0,01 p<0.01 | p<0,01 - p<0.01 | p<0.01
* . . w . . 5 p<0,05 X X p<0,01 - p<0,01
18 6 X p<001 | p<0,05 | p<0,01 | p<0,01 -
16 M+s 138406 |11,7+04124+1,0]26,7+33]123+0,7 | 14,0403
14 cv 36,3
- . " - = 1 Jlo u ociie BHECEHHS arpOXHMUKATOB
12 BapuaHTst 1 2 3 4 5 6
11 1 p<0,05
2 p<0,05
. » . . . . 3 p<0,05
4 p<0,01
5 p<0,05
B 6 p<0,01

Pucynox 14. KaprorpammMmsl copepKaHHsS OOMEHHOTO KajJbLUs B MOYBE J0 M IIOCIE BHECEHHS
arpoxuMukaToB. BapuanTel ombita: 1 — KoHTponb (0e3 ynoOpenwmii); 2 — @on (N100P60K160); 3 —
OontaaTapHas kuciora; 4 — @ont+monomurt; 5 — Por+mynsda; 6 — OMY «Kpuamm (N30P30K40).

[locne yOopku ypokas OpOKKONIM B HOYBE BapuaHTOB 1 U 6 copepikaHHe OOMEHHOTO KajbLus
YBEIMYMIOCH Ha 7%, 4TO CBS3aHO C MOCTYIUIEHUEM KalbLUS C TIOJIMBHOW BOJOH, MPHU 3TOM MPOH3O0IILIO
nouienayrBanue nousbl (puc. 14, A, Bb; puc. 5 B). Buecenne docdopHbix ynoOpeHuid B MOYBY
BapHaHTOB 2, 3 U 5 MPUBENO K CHIKEHUIO COIepKaHuss 0OMEHHOro Kanblus Ha 7-24%, KoTopoe CBSI3aHO
C €ero UMMOOMIIH3aLUeH B TPYAHOPACTBOPUMBIX (pocdarax KanbLusl.

BHecenne TOMTOMUTOBOW MYKH B MOYBY BapuaHTa 4 CIIOCOOCTBOBAJO YBEIMYCHHUIO COJICPIKAHUS
00OMEHHOTO KaJbIUs B JiBa pa3a OTHOCUTENHHO BapHaHTa 10 ee BHeceHus (puc. 14, b). [lousa BapuanTa 4
JI0 BHECEHHs JOJOMHUTOBOM MYyKH OTHOCWJIACh K rpynme ¢ moBbimeHHBIM (10,1-15,0 cmoimb(+)/kr)
coJep>kaHueM OOMEHHOIO KaJbllMsf, a MOCJe ee BHECEHHUs] OTHECEHa K TpyIHIe C O4YeHb BBHICOKHM (>20
cMOJIB(+)/KT) €ro copepikaHueM.

CreneHb WHTEHCHUBHOCTH BapHalldM COACPKaHHA OOMEHHOTO KalbLUsl A0 M IOCIE BHECEHHUS
arpoXMMHUKATOB XapaKTEPU30BAIACH KaK yMEPEHHas M CWJIbHAs, C YBEJIMUYCHHEM IIOCIE BHECEHUS
arpoXMMHUKaToB B 3 pa3za (puc. 14).

I[IpocTpaHcTBeHHO-BpeMeHHAs1 U3MEHYUBOCTH COJAEPKAHHSI OOMEHHOT0 MArHHsi B TOYBe.
CornacHo pa3paboTaHHbIM TrpaganusM (Meroaudeckue ykasanus. ..., 2003), arpocepast mo4Ba ONBITHOTO
yyacTKa Tepell MpPUMEHEHHWEM arpoXMMHUKAaToB OTHOcWiIach K rpynme co cpeanum  (1,1-2,0
CMOJIB(3KB)/KT) comepkaHueM OOMeHHOro Maruus. CTaTUCTHUUECKHUE CPaBHEHMS IOKa3ajld OTCYTCTBUE
pasiauuuii B cofepkaniui 0OMEHHOTO MarHusi B IIOYBE BceX BapuaHToB (puc. 15, A).

BHecenne arpoXmMHKaToB HE OKa3ajO 3HAYMTEIBHOTO BIUSHMS Ha W3MEHEHUE COJAEPKaHUSA
oOMeHHOr0 MarHusi B mouse (puc. 15 b). BHeceHHbIe B OYBY KaiHii XJIOPUCTBIH MarHe3UpOBaHHBIA U
JIOJIOMUT COAEP>KaIu B CBOEM COCTAaBE MAarHWii, OJHAKO B BapuaHTax 2, 3, 4, 5 yBEIHUYCHUS CONCPKAHUS
00OMEHHOro MarHus B IouyBe He HaOironanock. [lo Bcell BUAMMOCTH, 3TO CBSI3aHO ¢ MMMOOHIM3ALMEH
MarHusi B TPYZHOPAcTBOPUMBIX (ocdarax M TOTJOMIEHHEM pacTeHUsIMH Opokkonu. OmHaKo, SIBHOTO
YBEJIMYCHHS COICPIKAHUSI MarHus B COLBETUAX OPOKKOJIM ITUX BAPHAHTOB He HAOII01aI0Ch (Tad. 4).

CreneHb MHTEHCHBHOCTH BapHallM COJEpP)KaHUS OOMEHHOTO MAarHusi 0 M II0CJ€ BHECEHUS
arpoXMMHUKATOB Xapakrepusyercs kak ciadas (CV<10%) (puc. 15, A, B).
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J10 BHECEHUs arpOXUMMKATOB (Haqano OHLITa)

1 2 3 4 5 6
- . - - - -
A J1o BHECEHUS arpOXMMHKATOB (HAYallo OMbITa)
BapuanTsl 1 2 3 4 5 6
1 - X X X X X
. . . . . . 2 X _ X X X X
3 X X - X X X
4 X X X - X X
OOMeHHBIH 5 X X X X - X
Marsui, ¥ L > . . . 6 X X X X X X
CMOJ‘Ib(aKB)/Kl" M+ts 1,740,02 | 1,740,02 | 1,7£0,02 | 1,69+0,02 | 1,17+0,03 | 1,70 £0,02
crv 1,1
174 _ Tlocie BHECEHNs arpOXHMMHKATOB (KOHEL! OIlbITa)
! . . - - - * | Bapuauts 1 2 3 4 5 6
1,72 1 - X X X X X
1.70 Ilocne BHECEHUST arPOXUMUKATOB (KOHEIL OIIbITA) 2 X — X X X X
1,68 3 X X - X X X
A 3 4 S S S S
> - . - . - - 5 X X X X — X
1,64 6 X X X X X -
1,62 M+s 1,714£0,03 | 1,69+0 | 1,67+0,04 | 1,68 £0,04 | 1,7+0,04 | 1,72+0,02
crv 1,9
- . - . . . Jlo ¥ nociie BHECEHHS! arpOXMMHKATOB
BapuanTst 1 2 3 4 5 6
1 X
2 X
- - - - - - 3 X
4 X
5 X
B 6 X

. . - . 4 - -

Pucynox 15. Kaprorpammsl copepkaHusi OOMEHHOTO MarHus B TMOYBE OO W IIOCJIE BHECECHUS
arpoxuMukaToB. BapuanTel ombita: 1 — koHTponb (6e3 ynoOpenwii); 2 — @on (N100P60K160); 3 —
QontsHTapHAs KHcaoTa; 4 — @ort+aomomurt; 5 — Por+mynsua; 6 — OMY «Kpuamm (N30P30K40).

IMpocTpancTBeHHAS H3MEHYNBOCTH MACChI COLIBETHII OPOKKOJIM U ee CPABHUTEJIbHASI OLlEHKA
B BapHMaHTax ombITa. Bu3yanpHOoe cpaBHEHHE NOKa3aJio, YTO KaKk B KOHTPOJIHHOM BapHaHTE, TaKk W B
BapMaHTaxX C BHECEHHWEM YyIOOpEHHI BCTPEUAIOTCS COIBETHS ¢ HeOONbIIMM auamerpoMm (puc. 16, 17).
Bpokkonu xapakTepusyercs HEpaBHOMEPHBIM CO3DEBAHHEM COIBETHH B CBS3M C TE€HOTUIHMYECKUMHU
0COOEHHOCTSMH, TTO3TOMY COIBETHs yOUpanu B pasHble CPOKH, MO JOCTIDKEHHH UMH MaKCUMallbHON
3penoctu (puc. 18).

Kourpons ¢ Dou + A3 3 ;
(6e3 ynobpeHuit) | sutaphas kuciora @ PoH + nomomMuT 4 Don + Mynbua OMY «Kpuamm»

e

Pucynox 16. Brerauii Bua OpOKKOJIM B IIEpHO Havyana yoopku ypoxas (17.08.2016 t.).

BHecenne arpoXxnuMHKaTOB CIIOCOOCTBOBAJIO YBEIMYEHHIO Macchl conBeTnit Ha 80-83% Bo BTOpOM
U TpPeTbeM BapHaHTaX OTHOCHTEIBHO KOHTPOJBHOTO BapHaHTa Oe3 ynoOpeHWH, ¢ MaKCHMalbHBIM
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3Ha4yeHueM B BapuaHTe 2 (Tabu. 4). B BapuanTax 4, 5 u 6 pa3nuuus ¢ KOHTPOJIEM OBUIM HE JOCTOBEPHBI.
OTnuuus o cpeiHeit Macce COLBETHI OPOKKOJIH B BapuaHTax 2, 3, 4, 5 1 6 ¢ BHeCEHHEM arpoXUMHKATOB
ObuTH He cymiecTBeHHBI (Tabn. 4). CreneHb MHTEHCHBHOCTH BapHalldM MacChl COIBETHIH OpPOKKOJIH
cocraBmia 33% u xapakTepu3oBaiachk Kak cuibHas (CV>25%).

Kontpons DoH DoH + ®oH +
(6e3 ynoopenuit) (N100P60K160 ) siHTapHas KMCIOTa  JOJOMHUT

1 Y | s o RN

Pucynok 17. Jluametp couseruii Opokkoiu Ha Havaao yoopku (17.08.2016 1.).

3 4 5 6

1 2

388 £104 709 +51 699 £ 296 606 + 251 575+ 101 576 + 169

Macca, r

1000
. 900

— 800
— 700

600
. 500
— 400

— 300
—. 280

Pucynox 18. Kaprorpamma maccel couBeTnid Opokkonu. Bapuantel ombita: 1 — KOHTponb (0e3
ynoopenmii); 2 — @on (N100P60K160); 3 — dDoutsanrapnas kucimora; 4 — @DoH+moroMuT; 5 —
®ontmynpua; 6 — OMY «Kpuamm»y (N30P30K40).

Conepxanue a3oTa, ¢ocdopa M Kajaus B COLBETUSIX OPOKKOIHM OBLJIO ONTHMAIBHBIM BO BCEX
BapuaHTax omnbita (Tadi. 4). OTMeueHo OoJibliiee coaepikaHne OOIIEro0 a30Ta B COLBETHSIX OPOKKOIM B
BapuanTe 4. [To Bceit BUAMMOCTH, 3TO CBSI3aHO C YBEJTUUECHUEM MOTJIONICHHUS 3TOT0 3JIEMEHTA PACTEHUSIMHU
MpH HEUTPANTBHOW pEaKIMK CPeJbl MOYBBI, W3MEHEHHE KOTOPOM MPOM3O0ILIO Oyaromapsi BHECCHHIO
JOJIOMUTOBON MyKH. MI3BECTHO, 4TO OPOKKOJIHM 10 COACPKAHHUIO HE3aMEHUMbIX aMUHOKHUCIIOT B Oelike He
yCTyNMaeT TOBSIMHE, IOJTOMY TaKOW MNpHEM, KaK BHECEHHWE JOJIOMHTAa COBMECTHO C a30THBIMHU
yIOOPEHUSIMH, MO3BOJHUT YBEIMYHUTh COACPIKAHKUE a30Ta U COOTBETCTBEHHO HE3aMEHHUMBIX aMHHOKHCIIOT
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B Oeike OPOKKOIM M TOBBICUTH MUTATENBHYIO LEHHOCTh 3TOro opoma (Tadn. 4). B Bapuantax 5 u 6
HaOJII0AI0Ch CHIDKEHHE COAEpKaHUs OOIIEro a3oTa B COIBETHSX IO OTHOLICHHIO KO BCEM BapHaHTaM
OIIBITA, @ B BapHaHTE 3 OTINYMSA C KOHTPOJIEM 110 TOMY MOKA3aTEI0 ObUTH HE CYIIECTBEHHBI.

Tabauuya 4
Macca corBeTnii 6pOKKOIH (CpeaHee + CTAHIAPTHOE OTKIOHEHHE) U UX XUMHUECKHIA COCTAB

Cpennsist g e . Cpennee coaep:kanue,
Macca B % Ha alc. cyXoe BemecTBO
BapuanTht OCHOBHELX OOKOBBIX
o COLIBETHIT*, T N P K Ca Mg
COIIBETHUH, T

1. Konrpois 388* + 104 542 + 58 3,89° | 056* | 2,69° | 0,28 |0,17°
2. ®on (N100P60K160) 709° + 51 56° £+ 56 3,99° | 054° | 2,86° | 0,29* | 0,19°
3. ®ontsHTapHAsS K-TaQ 699° + 296 136° + 129 3,88° | 0,58° | 2,93° | 0,24° | 0,18®
4. ®OH+TOJIOMHT 606% + 251 882 + 49 4,02¢ | 0,62¢ | 2,97 | 0,24° | 0,19°
5. ®outMynpua 575% + 100 110°+ 82 3,72 | 0,60° | 3,04° | 0,25 | 0,18*
6. OMY «Kpuamny 576% + 168 39°+ 44 3,84° | 0,60° | 2,93° | 0,28 | 0,17°
HCPo,05 273 108 0,012 | 0,013 | 0,018 | 0,012 | 0,012

[Ipumeuanue: *OokoBBIE CcOLBETHS (OPMUPYIOTCS TIIOCIE CPE3KH OCHOBHBIX COLBETHH; CpegHHE
3HAUCHHMS, 32 KOTOPBIMH CIIEAYeT OJHA M Ta ke OyKBa B CTONOLE M JUIS OJHOTO M TOTO K€ CBOMCTBA,
CYLIECTBEHHO He paznnyarorcs npu p<0,05.

ITo conepxanuro ¢pochopa 1 Kamus B COUBETUAX Pa3TUINS JOCTOBEPHBI BO BCEX BapHaHTaX OMBITA
(tabn. 4). Haubomnbiiee comeprkanue (ocdopa B COIBETHIX HAOMOAANIOCH B BapuaHTe 4, a Kajaus B
Bapuante 5. CoxmepkaHue KalbLUsl B COLBETUSAX OPOKKOMM OBLJIO ONTUMAJIbHBIM BO BCEX BapHaHTaX.
Opnako B BapuaHTax 3, 4 ¥ 5 BBISBICHO CYIIECTBEHHOE CHI)KEHHE COJEP)KaHUS JTOTO JJIEMEHTa B
COIBETHAX OpOKKONM IO OTHOWIEHWIO K KOHTpoiio (tabm. 4). ComepkaHWe MarHUsl B COIBETHSIX
OpOKKONM JOCTOBEpHO ObUIO Bbimle B Bapuantax 2 u 4. CornacHo pa3paOOTaHHBIM TpagalusiM
(Arpoxumuueckue Mertonml..., 1975; Kalra, 1998), comepxanue smementoB (N, P, K, Ca, Mg) B
COIIBETHAX OBLTO ONTHMAJIBHBIM BO BCEX BapHaHTAX OIIBITA.

UzyueHne KOPPETALMOHHBIX MATpHI IIOKA3al0, 4YTO 3aBUCHUMOCTH MEXIY BECOM COLBETHH
OpOKKOJIM M TMOYBEHHBIMH CBOMCTBAaMH, OINPEENICHHBIMU O W IMOCJE BHECEHUs] arpOXUMHUKATOB, ObLITH
He3HauuMEI (Tabi. 5, 6).

Tabnuua 5

Koapdpuuments koppemsuun (p<0,05) Cnimpmena (10 BHECEHHS arpOXHMHUKATOB, HAYAJIO OIIBITA)

ol S| | 8| & | & S g

S| 2| 8| S| 58 €| | §| ¢ g5

ITouBenHsbIe U pacTu- z = & S S8l o 5 S S| R =

TenbHbIEe NapameTpsl | pH C z o K a | R < 3 O = 3
pH - 0,52 X 0,48 X 0,71 X X 0,91 X X
C 0,52 - X X X X 0,46 X -0451] 054 | x X
N-NO3 X X - X X X X 0,50 X X X X
P>05n00s. X X X - X X X X 0,47 X X X
P20s06u. 0,48 X X X — 0,43 | 0,42 X X 0,42 X X
P2Osope. X X X x |043 - -051 | x X X X X
P2Osmp.-pacms. 0,71 | 0,46 X X 0,42 | -0,51 - X X 0,60 | x X
K2006m. X X 0,50 X X X X - X X X X
K>O0mneobm. X -0,45 X 0,47 X X X X - -0,28 | x X
Caobm. 0,91 | 0,54 X X 0,42 X 0,60 X X - X X
Mgoom. X X X X X X X X X X - X
Bec conusernit X X X X X X X X X X X -

HpI/IMe‘laHI/Ie JJIsL Tabm. Su 6. X — KOppedanusa HE NOCTUTACT YPOBHA CTaTUCTHYCCKOHN 3HAYMMOCTH.
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Taonuua 6
Koaddumumentsr koppessunu (p<0,05) Crmpmena (rmocjie BHECEHHS arpOXUMHUKATOB, KOHEIT OITBITA)
= E
- N} N . . =
IToYBeHHbIC U PACTH- 9 é \§ Lgn“ % § § § § k§ g
TCIBHbIC NAPAMCTPEL |y | £ 2\‘ 2\‘ S 2\‘ 2 g\, g\' 8 2 §
m
pH - X 0,70 | -0,80 X X X X X 0,97 X X
C X - X X 0,44 X 0,51 X X X X X
N-NO3 0,70 X - -0,61 X X X X X 0,71 X X
P>,0Osno0s. -0,80 X -0,61 - X X X X X -0,83 X X
P20s500uy. X 0,44 X X - X 0,60 X X X X X
P2Os0pe. X X X X X - -0,60 | -0,53 | -0,50 X X X
P2Osmp.-pacms. X 0,51 X X 0,60 | -0,60 - 0,42 | 0,43 X X X
K2006m. X X X X X -0,53 | 0,42 - 0,71 X X X
K>0neobm. X X X X X -0,50 | 0,43 | 0,71 - X X X
Caobm. 0,97 X 0,71 | -0,83 X X X X X - X X
Mgobowm. X X X X X X X X X X - X
Bec conpernit X X X X X X X X X X X -

TakuM 00pa3oM, MOXHO CIENaTh BBIBOJ O KIIOYEBOH POJIM TEHOTUITUYECKHX OCOOEHHOCTEH
OpOKKONM B HapallMBaHUH MacChl COIBETUH OpOKKOIM W TPUMEHEHUE arpoXWMHUKATOB HE
CIOCOOCTBOBAIIO BRIPABHUBAHHIO ATOTO ITOKA3aTEIsl.

JKoHOMHYecKHIT 3(¢eKT 0T mNpuUMeHEeHMs AarpoXMMHMKATOB. PacueT oKymaeMocTH
arpoXMMHUKATOB MoKa3ai 3 HEeKTHBHOCTh MHHEPAIbHBIX YI00pEH I BO BCeX BapraHTax orbiTa (Tadi. 7).

Taonuya 7
Oxymnaemocts NPK yno6penuii mo Bapuantam™
g b .
& S| 3 o B
Q ) a9 o 5 = K
= p & = S
S . - s 3 52| HE & oEm oK -8 3
= g B SRl £ 88 = s W S
BapHaHTHI OTIBITA S B = 22| 29| 28 ¢ AQ 5 52>
% 3 = = S & Hs H o 2 5¥ 3
S © g =i B s g™ 233 Sa 2
8 9 = = &) o =0 g 0z A
e = | & = | 8E5| £%¢
ES¢e | pEE
THIC. py6./Ta S g ©°F
1. KonTposb 15,5 - - 1240 - - -
2. ®ou N100P60K 160 28,4 12,9 16,1 | 2272 1032 40,3 18,7
3. ®oHtsHTapHAas K-Ta 27,9 12,4 17,3 2232 992 38,8 17,9
4. ®out+aonoMuT 24,3 8,8 17,5 1944 704 275 12,7
5. ®ou+MynbYa 22,9 7.4 18,1 | 1832 592 23,1 10,7
6. OMY «Kpuammny 23,1 7,6 60,0 1848 608 76 6,3

[Mpumeuanme. * 3arpaThl Ha CpeCTBAa XMMHU3AIMU PACCUUTHIBAIHNCH MPU CTOUMOCTH | Kr ymoOpeHwi
(py0.): ammuauHas cenutpa — 22, ABOiHO# cynepdocdar — 22, kanuii xiopucteiii — 23, OMY «Kpuamm»
— 50. Croumocts | kr 6pokkonu — 80 pyO.

MaxkcumanbHas okymaeMocTs | kr a.B. NPK ymoOpenuii mpubaBkoii yporkasi cocTaBuia 76 Kr u
noiyueHa B Bapuante OMY «Kpuamn», ogHaKo B 3TOM BapuaHTE OKYMaeMOCTb Mo (u3ndeckomMy Becy
ynoOpeHus: Oblia 3HAYUTENLHO HUKE 10 CPABHEHHUIO C OCTAILHBIMU BapHaHTaMH, IIPU 3TOM 3aTpaThl Ha
HOKYIIKYy 3TOro ymoOpeHus B 3—4 pasa BBIIIE [0 CPaBHEHHIO C MHHEPAIbHBIMH yHZOOpeHWsMu. B
BapHaHTax 2—5 C NpUMEHEHHEM MHHEPAIbHBIX YHZOOpEeHHH MaKCHMalbHas OKYIaeMOCTh MOJydeHa B
Bapuante 2 u cocraBwia 40,3 kr. TakuM 00pa3oM, JOIMOJIHUTEIILHBIC CPEJACTBAa (SHTapHAs KHUCIIOTA,
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JTIOJIOMHT, MYJIb4a), BHECCHHBIC COBMECTHO C YIOOPEHUSIMH, HE TIPUBEITH K 3HAYUTEIHPHOMY YBEIUYCHUIO
ypoxaiHocTr Opokkonn. OmHaKo, CIEAyeT YYHUTHIBAThH TO, YTO BHECEHHWE MUHEPAIBHBIX YI0OpeHMi
MIPUBOJNAT K TOAKUCIICHHIO PEAKIIUH CPEeAbl MOYB, KOTOpas, B CBOIO OYEpEdb, MOXKET MPHUBECTH K HX
Jlerpajallid W CHIDKCHHMIO JOCTYIHOCTH 3JIEMECHTOB NHUTaHUS nis pacteHuid. [losTtomy BHeceHue
KaJIIbIIUICOACpKAIUX arPOXUMHUKATOB (JIOJIOMUT, U3BECTh U T.J.) OyIeT CIIOCOOCTBOBATH MOICPIKAHUIO
TUIOZOPOIUS TTOYB IIPU MPUMEHEHUH MUHEPAIBHBIX YI00PCHUN.

BBIBO/IbI

1. Pe3ynbTaThl HCCIENOBAaHWN TIOKa3alld, 4YTO TIOCJI€ BHECCHHS arpOXUMHKATOB CTEICHb
MHTCHCUBHOCTH BapHallUU ISl HEKOTOPBIX arpOXUMHUECKUX CBOMCTB MOYBBI U3MEHSETCS CYIIECTBEHHO.
s pH, noaemwxkHbIX Bhocdopa, Kaaus U Kanblius KOdPGUIIMSHTHl BapyUallii YBEIMYMINCh B 1Ba U OoJiee
paza. s moaBmKHBIX (hocdopa U KabIus yBelu4eHne Ko (GUIMEHTOB BapHalliH BBI3BAHO HE TOJIBKO
MPUMEHEHUEM arpOXMMHKATOB, HO M IIPOLIECCOM CBSI3BIBAHUS DJJIEMEHTOB B TPYIHOPACTBOPUMBIC
COEIMHEHMUS.

2. YCTaHOBIIEHO, YTO JIaYK€ OJHOT'OJIMYHOE NMPUMEHEHHE arpOXMMHKATOB OKa3ajo CYIIECTBEHHOE
BIUSHUE Ha CBOWCTBA IIOYBBI, KOTOPOE MPOSBUIOCH B OTPHIATENBHBIX (3aKHCIEHHUE, CBSI3bIBAHHC
dochopa, KajablMss W MarHusl) U TOJOXKHUTEIbHBIX (MOBBIIICHHE COACPIKAHUSA 3JICMCHTOB ITHUTAHUSA)
addekrax. MMmoOmmu3aius smeMeHToB nmutanus (pocdopa, Kaublus, Maruus) B TPYAHOPACTBOPUMBIX
COCIMHEHMSIX B TIOYBE W IMOCIEAYIOIIee CHIKCHHE COJCpXKaHWsS TMOIBIKHBIX (OopM He oKazaiu
OTPHUIATEIILHOIO BIIMSHUS Ha 3JIEMEHTHBIA COCTaB COLIBETHUH OPOKKOJH. XHUMHYECKass MUMMOOHIIN3ALIUs
MPUBOJUT K 3aKPEIUICHUIO 3JIEMCHTOB IHUTAHUS B BEPXHEM T'OPH30HTE MOYBBI M IMPEIOTBPAIIAET HX
BBIIIEJIAYMBAHIE TAJTBIMU U JIOKICBBIMU BOJIAMH B HIDKHHE TOPU3OHTHI.

3. BHeceHne MHUHEPaNbHBIX YAOOpPEHHH, 00OTralIeHHBIX TYMaTOM Kalus, TPUBEIO K YBEIUYCHUIO
COJICP)KaHUsl OpraHudeckoro yriepoia Ha 3-13% ¢ MakCUMaJbHBIMU 3HAYCHUSIMH B BapHaHTax C
JIOTIOJTHUTEIBHBIM BHECEHUEM JIOJIOMHUTA U CHIPOH MYJIbUH.

4. Vicrionp30oBaHWE arpoOXMMHKATOB MOBBICHIO YpOXKail W ymydlIWIO MHUTATEIbHYIO IEHHOCTh
conpeTnii Opokkoju. B BapuaHTax ¢ BHECEHHMEM MHHEPAJILHBIX YAOOpEHHUI HauOOJbIIAas OKYNaeMOCTh
ynoOpenwuii monydena B Bapuante ®on — N10OP60K160.

5. He BBISBICHO KOPPENSAIUM MEXIYy BECOM COIBETHH OPOKKONM W TOYBCHHBIMH CBOWCTBAaMH,
OTIpE/ICIICHHBIMU JIO U MOCJIE BHECECHHS arPOXUMUKATOB, YTO CBUACTEILCTBYET O 3HAUUTCIILHOM BIIMSIHUN
Ha MaccCy COIBETHI eHOTUITMYECKUX OCOOCHHOCTEH OPOKKOJIH.

3AKIIIOYEHUE

Pemenne  3HaumMBIX  mpoOieM  (COBEpIICHCTBOBAaHWE  arpOTEXHOJIOTHH,  AKOJIOTH3ANUS
MPOM3BOJCTBA, OXpaHa OKpYKalolel cpeabl, obecrneyeHrne NPOJOBOJIILCTBHEM CTPaHbBI) JOJDKHO
OCYIIECTBIATHCS TYTEM pa3pabOTKH HaydHO-OOOCHOBAHHBIX ITOJIXOJOB, KOTOPHIE ITO3BOJISIT CHHU3HTH
3aTpaThl Ha TOKYNKY MUHEPAJIbHBIX YAOOpPEHUH U YCTPaHUTh HX OTPUIATEILHOE BIUSHUE Ha TIOYBY U B
LIEJIOM Ha OKPYKAIOLIYIO Cpeay.

B BapumanTe ¢ BHEceHHEM OpraHO-MHHEpaJbHOTO yrnoOpeHus «Kpuamm», B KOTOpOM m03a
BHECEHHOT0 a30Ta Obuia paBHOi 30 Kr/ra I.B., ypOXaWHOCTh OPOKKOIM HE OTIMYANAch OT JAPYTHX
BapUAaHTOB C BHECEHHWEM MHHEpAJBHBIX YZOOpeHWi, rae mo3a Obuta B 3 pasa BBIIIE, ITOITOMY J03Y
A30THBIX MHUHEpAIbHBIX yJOOPEHUH MpU BBHIPALIMBAHUH OpPOKKOIM MOXKHO CHH3UTH B TPU pasza I
TOCTI)KEHHS MaKCHUMAaJIBHOTO HKOHOMHYECKOro H(¢dexTa OT NpHMEHEHHsS a30THBIX yOOOpeHuil u
CHIDKCHHSI OTPHUILATEJILHOIO BO3JEHCTBUSA Ha OKPYKAIOIIYIO Cpeay.

HccnenoBannast arpocepasi IOYBa XapaKTEPU30BaNach BBICOKHM COJCP)KAaHMEM MOABHKHOTO
dbocdopa, crenoBarensHO, hochopHbIe YI0OpEeHHs HAa TAKOH MOYBE MOXKHO OBLIO HE MPUMEHATHh. MHOTHE
3eMJICTIONB30BATENN HE MPUHUMAIOT BO BHHUMAaHHE 3TOT (akT M HCIOJIB3YIOT PEKOMEHIALUHU, KOTOpPHIC
9acTO HE YYMTHIBAIOT MMEIOIIEECs IUIOAOPOAME MOYB. Takod MOAXO0[] NMPHUBOAUT K HEPAHOHATEHOMY
UCIIOb30BaHMIO YHOOpEeHHH, HEONpaBAaHHBIM (HMHAHCOBBIM 3aTpaTaM, 3arps3HEHHIO OKpYXKaloIieil
CpeZbl U U3MEHEHHUIO CBOMCTB I0YB HE B JIYUIIYI0 CTOPOHY, HAIPUMED, TOAKUCICHUIO PEAKI[H CPEIbI.

Jlo3y BHOCHMMBIX KaJquiHbBIX ynoopenuit npu cpenneM (101-150 mr K>O/kr) comepkanuu Kanusi B
[OYBE MOJYKHO OCTaBUTh Oe3 m3MeHeHuidl — 160 kr/ra a.B. OmgHAaKO AaKe OJHOKPATHOE IPUMCHCHHE
KaJUWHBIX yHIOOpPEHUH MpHBENO K CYLIECTBEHHOMY YIIYYLICHHIO KAaIUHHOIO cTaTyca MOuYBHl (YPOBEHb
OOMEHHOT0 Kallusi M3MEHWICA CO CPEAHEro A0 MOBBILICHHOTO); CJIEAOBATEIbHO, €CIH EXETroJHOEe
BHECCHME KaJMHHBIX YZOOpEeHHH NpHBEAET K YPe3MEPHO BBICOKOMY YPOBHIO COAEP)KaHUS OOMEHHOTO
KaJnus B MOYBE, TO JajbHEHIIee MPUMEHeHNE KAIMHHBIX y10OpeHHi B BEICOKHX /103aX OyJeT NMpUBOJUTh
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K MaTepHaJbHBIM U3JCpKKaM M HapYIICHHIO OajaHca MUTATEIbHBIX BEIIECTB B IIOYBE U MUHEPAIHHOTO
MUATaHus pacTeHnd. TakuMm 00pa3oM, €ciii B XO3SHCTBAX BHOCATCS BBICOKHE J03BI YIOOpEHHWH, TO
JMUATHOCTHKY TIOYBBI Ha COZAEpKaHHWE JIEMEHTOB MUTAHUS HEOOXOIMMO MPOBOAMTH Yepe3 KaKIble /1Ba
roJia, YTOOBI IPUHATH MIPABUIILHBIC PEHICHUS O J103aX BHOCHUMBIX YJIOOPEHUN U CKOPPEKTUPOBATh UX TPU
MIPUMEHEHUH YA00pSHU B CICAYIOIIEM TOY.
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EFFECT OF AGROCHEMICALS ON SPATIO-TEMPORAL CHANGES IN SOIL CHEMICAL
PROPERTIES AND BROCCOLI YIELD

© 2021 N. V. Gopp

Institute of Soil Science and Agrochemistry, Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia. E-mail: gopp@issa-siberia.ru

The aim of the study. The aim of the study was to examine the effect of agrochemicals (mineral and organo-
mineral fertilizers, plant growth regulators and ameliorants) on the spatio-temporal changes in the
properties of agro-gray soil and broccoli yield using a cartographic approach.

Methodology. The field experiment was conducted in 2016 at the site located near the Bykovo village in the
south-east of West Siberia (54°58 '02.8" N; 83°5'21.45" E, Novosibirsk region). The objects of the study were
the agro-gray soil (Luvic Retic Greyzemic Phaeozem (Siltic, Aric)) and the medium-ripe broccoli cabbage
variety "Linda". The experiment scheme included the following treatments: (1) Control (without fertilizers),
(2) Background (N100P60K160), (3) Background + succinic acid, (4) Background + dolomite, (5)
Background + mulch, (6) Organo- mineral fertilizer "Criall". Soil samples were analyzed for the content of
organic carbon, nitrates, total, mineral and organic phosphorus, as well as its mobile form; exchangeable
potassium, calcium and magnesium, and pH. The dried samples of broccoli inflorescences were analyzed for
the total content of nitrogen, phosphorus, potassium, calcium and magnesium.

Main results. After applying agrochemicals and harvesting broccoli, the variation coefficients of pH, mobile
phosphorus, potassium and calcium increased by two or more times. The use of agrochemicals increased the
yield and improved the nutritional value of broccoli inflorescences. The treatments with mineral fertilization
(2, 3, 4 and 5) the treatment 2 (Background N100P60K160) provided the greatest return. The application of
the studied agrochemicals resulted in the negative (acidification, binding of phosphorus, calcium and
magnesium) and positive (increase in the content of elements) effects. The immobilization of nutrients
(phosphorus, calcium, magnesium) in poorly soluble soil compounds and the respective decrease in the
content of the elements” mobile forms did not have a negative effect on the elemental composition of broccoli
inflorescences. Thus, chemical immobilization, leading to the fixation of nutrients in the upper soil horizon,
prevents their leaching by melt- and rainwater into the lower horizons.

Key words: geostatistics; kriging; dolomite; fertilizers; pH; nitrogen; phosphorus; potassium; calcium; magnesium

How to cite: Gopp N.V. Effect of agrochemicals on spatio-temporal changes in soil agrochemical properties and
yield of broccoli // The Journal of Soils and Environment. 2021. 4(2). e157. doi: 10.31251/pos.v4i2.157 (in Russian
with English abstract).
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HNPOCTPAHCTBEHHOE PACIIPEJAEJIEHUE TEMIIEPATYPbI 1IOYB B KOMIIVIEKCHOM
IIOYBEHHOM ITOKPOBE IIPEJICAJIAUPBHS
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Aopec: ®I'BYH Hnemumym nousosedenust u azpoxumuu CO PAH, npocnexm Axademuxa Jlaspenmoesa, 8/2,
2. Hosocubupck, 630090, Poccus. E-mail: sajb@issa-siberia.ru

Llenv uccnedosanun: npociedums 3aKOHOMEPHOCMb PACHPeOeNeHus MeMnepanypsl no48 no NpPoQui0 &
yeaosuax cknonogvix meppumopuil (Ilpedcaraupwe). /[na oocmudicenus yeau 6viiu NOCMagneHvl ciedyoujue
3a0auu: OYeHKa memnepamypHo2o pesxcuma nous llpedcanaupvs, HaxX00AWUXCSA 8 CENbCKOXO3AUCTNEEHHOM
UCNONL30BAHUU,; U3YUEHUE 3AKOHOMEPHOCTNEl USMEHEeHUs MeMnepamypbl 8 meyenue CymoK U eblasieHue
BO3MOJCHOU  83AUMOCBA3U € NOUGEHHO-QPUIULECKUMU CEOUCMEAMU UCCEOYEeMbIX YUACMKO8; 8blaGNeHUe
3a8UCUMOCU POPMUPOSAHU MEMNEPAMYPHO20 RO O NOYBEHHBIX CEOLCMS.

Mecmo u épema nposedenusn. Hcciedosanus npoeooUnUcCy 8 1ecoOCmentoli 30ne, é npedenax byzomaxckozo
menxoconounuxa (35°03" c.u.; 88°50' 6.0.). Obvexmom uccrnedosanus cman psao nNOY8 GbINYKI020 CKIOHA
(Onuna 411 m) weo-6ocmounoti sxcnosuyuu. bvlno 3an100ceno namv NOTHONPOPUILHBIX Pa3pe308, HEOANEKO
Om KOMOPHIX OblLIU YCMAHOBNEHbI A8MOHOMHble memnepamyphvle damyuku (DS-1921G «Thermochrony)
yepez Kadcovle 5 cm 0o enybounvt 50 cm, Qukcupyrowue memnepamypy Kadxcovle nonuaca. Ilepuoo
Haoooenus — ¢ 1 urons no 15 aszycma 2016 2o0a.

OcHnosnole pesyromamel. Tevnepamyproe nojie NAXOMHBIX NOY8 CKIOHOBLIX nosepxrocmetl Ilpedcaraupovs
ABNIAEMCA TAMEPATLHO HeOOHOPOOHbIM. Hccnedosanus nokasanu, ymo npOCHPAHCHBEHHAS USMEHUUBOCMb
maxkux nokazameneti, Kax GIAMCHOCMb U NIOMHOCMb HNOYE, 6 3HAYUMENbHOU CMeneHu eausem Ha
MENIONPOBOOHOCHIb  NOYGEHHBIX — 20PU3OHMOE U  AGIAEMC OCHOBHOU NPUYUHOU  HEOOHOPOOHOCMU
memnepamypHozo nois. Peivegh, muxpopenved u dKkcnosuyusi cKIOHA MAKI’CE USPAIOM BAIUCHYIO POlb 8
nepepacnpeoeienuy 6142y, HeOOHOPOOHOCMU  VHIOMHEHUs U, COOMBEMCMEEHHO, CHOCOOCMBYIOm
HEPABHOMEPHOMY NPO2PE8Y 8ePXHUX NOUBEHHLIX 20PU3OHMO8. B Hnabmoldenusx kak 3a CymouHbiM X00OM
memnepamyp 6 Nou8ax NpuU pAsIUYHbIX NO20OHBIX YCAOSUAX, MAK U 3d UX CE30HHLIMU KOAeOAHUAMU
VCMAHOBLEHO, YMO PACXONCOCHUS 8 MEMNepamypax conpsiscennvix nous cocmasusiom 0,5-2 °C.

3axniouenue. TemnepamypHulli pedxicum NOY8 AGIACMCA ONPEOENOUUM HAKMOPOM QYHKYUOHUPOBAHUSA
azposKocucmem, om KOmopoz2o 3a6uUcunm UHMEHCUBHOCMb NPOMEKAHUSL OONbUWUHCINGA NPOYECCO8 8 NOUEAX.
Hccnedosanus, ocHosannble HA KOIUHECMBEHHBIX OYEHKAX UHMEHCUBHOCMU GHYMPUNOUEEHHBIX NPOYECCO
npu  pasiuyHoOl memnepamype, CMAHOBAMCA 6CE Ooee B0CMPedOBAHbI 6 CAMBIX PA3HLIX O0OIACMSX,
0COOEHHO NpU NPOSHOZUPOBAHUU PA3GUMUSL IPOSUOHHBIX NPOYECCO8, UNU, HANPUMED, NPU PeSyaIupOo8aHUl
NPOOYKYUOHHO20 NpOYecca CenbCKOXO3AUCMBEHHbIX dKocucmeM. A Kak nokazano O0anHoe Ucciedo8aHue,
meMnepamypHbulii pedicum noye oasice 6 npedenax 00H020 NOJs MOJICEM 3HAYUMENLHO 6APbUPOGAND.

Knrouesuvie cnosa: nougsl, memnepamypa, 81ax#CHOCHb, NIOMHOCMb, MUKPOpeENbeq, KOppenayus.

Humuposanue: [llanopuna H.A., Caiitb E.A. Ilpocmpancmeennoe pacnpeodeieHue memnepamypvbl noué 8
KOMNIEKCHOM no4eéeHHom nokpoge IIpedcaraupos // Housvl u oxpyacarowas cpeda. 2021. Tom 4. Ne 2. el46.
doi: 10.31251/pos.v4i2.146

BBEJIEHUE

B mHacrosimee BpemMs B TIOYBOBEJICHUHM AaKTUBHO pa3BUBACTCA CTPYKTYPHO-(YHKIIMOHAIBHOE
HalrpaBJIeHHe, B OCHOBE KOTOPOTO JIEKHT PACCMOTPEHHE pA3IMYHBIX ACHEKTOB ()YHKIMOHHPOBAHUS
HOYBHI B TECHOW B3aMMOCBSI3U C €€ CTPOCHHEM Ha Pa3MYHbIX YPOBHIX OPraHU3allUH, B TOM YHCIE Ha
ypoBHe nouBeHHoro nokposa (I'onuapos, 2010).

Temmepatypa TOYBBI  SABISETCS  OOHMM M3  KJIIOUYEBBIX  (DAaKTOPOB,  ONPEACIAIOLINX
(YHKIMOHUPOBAHUE arpodKOJOTHUECKHX cucTeM. OT TeMIepaTypHOTO peXHMa CHJIBHO 3aBHUCHT
WHTEHCHBHOCTh TPOTEKAIOIIMX B TI0YBE MPOIECCOB, KAaK MEXaHWYECKMX U TEOXHMMHUYECKHX, TaK W
ouonornueckux (Iopesinmnmua, Maxkapesuu, 1973; baxmaeBa u ap., 2002; Baseikmna u ap., 2007,
Apxanrensckast, 2012). Xumudeckne peakiiy YCKOPSIOTCs B 2—3 pa3a IpH MOBBIIICHHN TEMIIEPaTyphl Ha
10 °C (npaBuno Bant-T'odda). Ot Temneparypsl 3aBUCIT Takue MPOLECCHI, KaK cOpOIHs U AecopOouus;
pPacTBOPUMOCTh T'a30B; COOTHOIICHWE TBEPIOW W KUAKOH (a3 B IMOUBE; MENTH3AMUS U KOATYJSILUSL
KoJulouoB. He MeHee BakHYIO poiib TeMIlepaTypa WIrpaeT B NUTAHWM DPACTCHUH. DPacTBOPEHHBIE
MUTaTEeNIbHBIE BEIIECTBA TOpa3fo ObICTpee Pa3HOCATCS B TEIUIBIX YCIOBHUSX, YEM B XOJOAHBIX. OTO
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CBSI3aHO C TEM, YTO TIOBBIINICHHUE TEMIIEPATYPhl B MOYBE YBEJIMYHBAET CKOPOCTh MHOTHX XHUMHUYECKHX
PeaxIyif, 4TO HANPSIMYIO BIHSET Ha JIOCTYIMHOCTh MHUTATEILHBIX BEIIECTB Ui pacTeHuil (XpUCTEHKO,
[Matoxuna, 2002; Kypranoma, Tume, 2003; Parkin, Kaspar, 2003). Tlostomy 3amada BBISBIACHUS
3aKOHOMEPHOCTEH  MPOCTPAHCTBEHHOTO  BAapHHUPOBAaHUS  TEMIEpaTypbl IMOYBBI B  MaciuTabe
CEJIbCKOXO3SIICTBEHHOTO TI0JISI, KOJHMYCCTBCHHON OIICHKH 3TOr0 BapbHPOBAHUS W TPOTHO3UPOBAHUS
TEMIIEPATyPHOTO PEKHMMA IMOYBCHHBIX Pa3HOCTEH MPHOOpPETaeT BCEe OOJNBIIYIO aKTYaIbHOCTh, OCOOEHHO ¢
Y4ETOM TIEPCIICKTUB pa3BUTHsI TOUHOTO 3emienesus (Kuprormn, 2010).

MATEPHAJIbI U METOAbI UCCJIEJOBAHUA

TeppuTtopus uccienoBanus mpruypoueHa K ory 3anaanoii CHOMpH U HAXOTUTCS B 30HE JIECOCTETIH.
OOBeKTHl UCCIENOBAHUS PACIIONOKEHBI B Ipeaenax byrorakckoro MeaKoCOIOYHHKA, PACIIOIOKEHHOTO
Ha mpaBoM Oepery O0u. TeppuTtopus XapakTepu3yeTcsl JOCTATOYHO CHIBHOHN pacwusieHeHHOCThIO (10 2,2
KM/KM?), BBICOTA Haj ypoBHEM Mops jgocturaer 350 M. OOBEKTOM HCCIENOBaHMS CTal Ps I0YB
BBIITYKJIOTO CKJIOHA (MHa 411 M) IOro-BOCTOYHOM SKCHO3UIHUH. YKIOH HMCCIEAYEMOH TEeppUTOPUH
MeHsieTcsi oT 6° B HIKHEH ero wactu 1o 1° B BepxHed. boapmyro wacts (mo 60%) uccienyemoit
TEPPUTOPHUH CKIIOHA COCTABIISIIOT OMOJ30JICHHBIC YEPHO3EMBI, PACTIONOKEHHBIE B BepXHel yacT. TemHo-
cepble JIECHbIC TIOYBBI 3aHUMAIOT 39% TEPPUTOPHH M PACHOIAraloTCs B OCHOBHOM B CpeHEH W HIDKHEH
YacTu AAHHOTO CKiIoHa. MeHee 1% mpuxoguTcs Ha MOYBBI JIyTOBOTO THIA, KOTOPBIE PACIONAraioTcs B
camMoil HWxHell vactu ckinoHa (XmeneB, Tanacuenko, 2013). IlonHonpoduabHble TOYBEHHBIE pa3pe3bl
OBLIM 3aJI0KEHBI Ha MATH Iiomankax (puc. 1). HauumHas ¢ moBepxHOCTH 10 TiayOuHbl 50 cM depes
KaX/ble 5 CM yCTaHaBIMBAIIKCh aBTOHOMHbBIC TemrmeparypHbie matuuku (DS-1921G «Thermochrony),
3arporpaMMUpOBaHHbIE (PUKCHPOBATh TEMIEpaTypy Kakaple momyaca. JlaTdMKky yCTaHOBJIEHBI 1 HIONS,
cHATHI 15 aBrycra.

Baprayn

Pucynox 1. PaiioH ucciae10BaHHs U pacIioOKEHUE pa3pe30B Ha CKIIOHE.

ITouBer: P1 — depHO3eM OMOM30JEHHBIM HEIPOAUPOBAHHEIN; P2 — uepHO3eM OIMOM30JEHHBII
cmabo3poaupoBaHHbii; P3 — TeMHO-cepas jiecHast ciabospoaupoBaHHast, P4 — yepHO3eM 0110130 ICHHBIH
CHJIBHOBPOIMPOBaHHBIN; PS — myroBas cpenHeHambITast.

OO0pas3ibl Ha BIAKHOCTh OTOMpanu oauH pa3 B 10 gHeir Oypom uepe3 10 cm 1o riryounsr 50 cMm B
TPEXKpaTHOH TIOBTOPHOCTH, Takke B mepuox ¢ | wmroms mo 15 aBrycra. [louBeHHYIO BIIaXKHOCTH
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OTIpEZIeTISUTH TEPMOCTATHO-BECOBBIM METOJIOM. B 3TOT ke meproa MpOBOIMIM MOHHTOPHHT ITOTOMHBIX
yCIIOBUH (OTCICKUBAIN TEMIIEPATYPY BO3IyXa U OCAJIKH).

PE3VYJIbTATBI UCCIIEJOBAHUA U X OBCYXAEHUE

OCHOBHBIMH TIOYBEHHBIMH TapaMeTPaMHU, BIUSIONIMMH Ha (OPMHUPOBAHHE TEMIIEPATYPHOTO
peKHMMa, SBJISIOTCS BIAroCOACPIKaHUE U TUIOTHOCTH NOYB. McXoas U3 3TOro, M3y4eHo MPOCTPAHCTBEHHOE
pacmpeneneHne dTHX MOYBEHHBIX CBOMCTB, XapakTepU3YIOMMX (YHKIIMOHHNPOBAHNE TIOYBHL. Pe3ynpTaTsl
WCCIIEIOBAHNH TOKa3alli HEOJHOPOJHOCTh arpo(pM3NIEeCKUX CBONCTB M3ydaeMbIX MouB. Tak, Hampumep,
HAauOONBIICH TUIOTHOCTHEO TIAXOTHOTO TOPH30HTa OTJIMYAIKMCH HEIPOJUPOBAHHBIA  UYEPHO3EM
ONOJ30JCHHBIM M JyroBas HaMbITas MouBa. HO NOAMAXOTHBIA TOPU30HT MOCIEAHEW OTIMYAICA
HEPaBHOMEPHOCTBIO yrioTHeHus ot 1,21 r/em® no 1,40 r/cM3, 4TO CBHIETENBCTBYET O CBOEOOpa3HMu
dopmupoBaHus TPOPHIS HAMBITHIX MOYB (Taba. 1). Jlns mouBbl cpefHell 4acTH CKIOHa (TeMHO-cepast
JiecHas ClabodpOUPOBAHHAs) XapaKTepHa OTHOCHUTENIbHAS PHIXJIOCTh MaxoTHoro ropusonrta (1,15-1,21
r/cM®) M paBHOMEpPHAs INIOTHOCTH noanaxotaoro (1,31-1,36 r/cm®).

Tabnuya 1
[1I0THOCTB IEATENILHOTO CII0s 3pOAUPOBaHHKIX 110uB IIpeacanaupbs, r/em® (uroas 2016 rona)
UepHozeMm Yeprozem
UepHozeMm . Cepas necHas . JlyroBas
. . OTIOA30JICHHBIH OIO30JICHHBIH
Coid, cm OTIO30JICHHBIH cnaboapoanpo- CpeIHeHaMbITas
. | cmaboapomupo- CHIIBHODPOAUPO-
HEIPOJUPOBAHHBIN BAHHL BaHHas II0YBa BaHHbL Mo4YBa

0-10 1,24 1,14 1,04 1,07 1,30

10-20 1,23 1,29 1,25 1,24 1,30
Cpennee B

MaxOTHOM 1,24 1,21 1,15 1,15 1,30
TONUROHTE

20-30 1,29 1,32 1,25 1,32 1,21

30-40 1,44 1,35 1,34 1,37 1,40

40-50 1,42 1,42 1,32 1,32 1,31
Cpennee B

MOANIaXOTHOM 1,38 1,36 1,31 1,34 1,31
TOPU30HTE

Cpediice B ciioe 131 128 123 125 1,30

0-50 cm

CreneHb yBIaXHEHHS I[I0YB B YKa3aHHBIA TEPUOJ XapaKTepH30BajlaCh H3MEHYHMBOCTHIO,
00yCIIOBIEHHOW HEMOCTOSTHCTBOM IIOTOJHBIX ycioBui. B Hawane mepuonma HaGmromeHuit 50-cm croi
NPAaKTUYECKH y BCEX MCCIEAYEMBbIX THIIOB HOYB ObUI MCCYIIEH IOYTH OAWHAKOBO — A0 62—64% ot
HauMmeHbIeil Binaroemkoct (HB), ¥ TOMbKO y JyroBOil CpelHEHAMBITOW MOYBBI yBIQKHEHHE ObLIO
HEMHOTO BbIlIe — okosio 70% HB. Crout 3ameTuts, 4To O0Jiee BHICOKHI YpOBEeHb yBIaxHeHUs (> HB) B
npoduiie 3TOH MOUBbI OTMEYaICA B TEYSHHE BCETO TIEpHoia HaOII0JeHUH.

Ocanku BeIIaAany HepaBHOMEpHO. Bee 55 MM BeIMaBHIMX B MEpBOU JE€Kale OCAJIKOB OCTaINCh B
HaOromaeMoil Tomie BceX mouB. Hamwuwe rpaBuraiioHHOM Biaru 10 wionst Obulo 3a)MKCHPOBAHO
TOJBKO B JYroBoil cpemHeHambiToi mouse (20 mm). B mepmox ¢ 27 wmrons mo 15 aBrycra ocajkoB
NPaKTUYECKH HE ObLIO, TIO3TOMY OTMEHasicsi aKTUBHBIN pacxo]] BJlaru BO BCEX HcCieAyeMbIX mousax. K
KOHITy ITepHoAa HaOII0IeHNI YepHO3eMbI coaepkanu B cpeaHem 70% Bmaru ot HB, TemHO-cepas iecHas
u IyroBas cpeqHeHambItas — 83 u 88% ot HB cooTBeTcTBEHHO.

YcraHoBKa peructpaTopoB « Thermochrony» mo3Boiuia moay4uTh J0CTATOYHO PENPE3CHTATUBHYIO
BBIOOPKY JIaHHBIX TI0 TEMIIepaType Ui TpeX I0YB, Hanboliee KOHTPACTHBIX IO CBOWCTBAM Ha YPOBHE
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THITIA; YePHO3EMa OIIO30JICHHOTO HEIPOJAMPOBAHHOTO, CEPOH JICCHOU CIIa003pOIUPOBAHHON U JTyTOBOM
CpeaHeHaMBITOH (puc. 2).

st BceX THUITOB TOYB (PUKCHUPYIOTCS YCTOMUYWBBIC TPEH/BI CHIXKCHUS TEMIICPATyphl MOYBBI 3a
HabmogaemMplit iepruo. OMHAKO HAKJIOHBI JMHWHA TPEeHJA OTIMYAroTCs. B cephix JIeCHBIX MOYBax U B
JYTOBBIX HAMBITBIX HAKJIOH 3aMeTHO Ooibllle, YTO O3Ha4yaeT Oojiee CHIbHYIO TEHICHIMIO CHIKCHUS
TeMIIepaTypsl 3a OJHMH U TOT K€ eproj BpeMeHH. TeHaeHus coxpansercs Ha rayoune 20 cm.

1 2 3

40
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36
34 ‘
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Pucynok 2. lunamuka temrepatypsl B mousax [Ipencananpbs 3a Becb LUK HAOIIOIEHUH.
A — Ha moBepxHocTH, b — Ha TmyOmne 20 cm; mouBbl: 1 — YepHO3eM OIOJ30JICHHBIN
HEIPOIUPOBAHHBIN, 2 — cepas JIeCHas cI10003pOIUPOBaHHAs, 3 — JIyroBasi CPEAHEHAMBITAS.

Cratuctiueckas o0paboTKa MJaHHBIX HpexacTaBieHa B Tabmuue 2. CpeaHue Temmeparypsl
MOBEPXHOCTH YepHO3eMa camble BhicOkue — 21,4 °C, mOBEPXHOCTh CEPOM JIECHOW MOYBBI B CPEJHEM Ha
0,7 °C, myroBoii HambITOM — Ha 0,9 °C xomonuee. Ta ke TeHIEHIUSA coxXpaHseTcs U Ha riryonHax 20 u 50
cMm. Ha rmy6une 50 cM pasHuma mMexay 4epHO3eMOM M JIyroBOM HambITOM mousoil mocturaer 1,3 °C.
Pa3max xonebaHuii MeXTy THEBHBIMU M HOYHBIMU TEMIIEpaTypaMH Ha MOBEPXHOCTH TAaK)Ke 3aKOHOMEPHO
CHIDKAETCSl OT YepHOo3eMa J0 JIyTOBOW HaMbITON MouBbl: 27, 25 u 22 °C cOOTBETCTBEHHO, YTO CBSI3aHO C
PasIn4YHBIM YBJIa)KHEHHEM MoBepxHocTH. OnHako Ha riayOouHe 20 CM 3aKOHOMEPHOCTH HapylaeTcs:
HanOOJNBIINI pa3Max — B JIyTOBOM HaMbITOW MouBe. Takxke B 3ToW mouBe Ha riryomHe 20 cm Oosee
BBICOKOE€ CTaHJapTHOE OTKIOHEHHE M KOd(puIneHT Bapuarmu. [IpuunHa MoxKeT ObITh B 0COOCHHOCTSX
CJIO’KEHHSI TIOYBEHHOTO MPOQUIs, HAIPUMED, B HEPABHOMEPHOM YIUIOTHEHHUH, TaK KaK MPOCIOHKHU Ooee
HU3KOW IUIOTHOCTM O0JIaJaloT 3HAYUTEIbHO MEHBIIEH TEMIepaTypolnpoOBOJHOCTHIO M CHOCOOHBI
3aMeIISATh MPOTPEB HIKEIEKAIINX TOPU30HTOB. KpoMe Toro, JIyroBasi cpelHeHaMbITas 1moyBa o0ajgaer
MOIIHOM T'YMyCOBOH TONIIEH, U K TOMY € (B JaHHOM Clly4yae) pacHoJIoKeHa B HM)KHEH 4acTH CKIIOHA,
YTO CIOCOOCTBYET HAKOIUICHHIO OOJBLIET0 KOJMYECTBAa BJard M, COOTBETCTBEHHO, Pa3BUTHIO OoJjee
BBICOKOTO TpPaBOCTOSl, YTO, B CBOIO OYEpeNb, TAK)Ke CHI)KAeT BO3MOXKHOCTh MPOTPEBAaHUS TOYBBI
UepHO3eMBI OIMO30JICHHBIE, PACIOIOKEHHBIE HA TUIAKOpe, SBIAIOTCA OoJiee TUIOTHBIMA M PaBHOMEPHO
CIIO)KEHHBIMH, M, COOTBETCTBEHHO, OHM 3HAYMTENbHO Teruiee. BapuaOenbHOCTH Temmeparypsl Ha
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MOBEPXHOCTH BceX Mo4uB Bhicokas (20-23%) u pesko cumkaercs (1o 4,4-6,6%) na riyoune 50 cm, uto
CBHJICTEIILCTBYET O 00OJIee POBHOM YBIaKHEHHH TPOQHIISL.

Taonuuya 2
CraTuctuyeckue MoKa3aTeny TeMIepaTypHoro pexuma mmods [Ipencamanpos
UYepHO3eM OMO30JICHHBIH Cepas necHas JlyroBas cpeiHEHaMbITas
TMokazaTens HE3POANPOBAHHBIH c11ab03poANpOBaHHAs TOYBA noy4Ba
ITosepxnocth | 20 cm | 50 cm | IToBepxHocTs | 20cm | 50 cm | IloeepxHocTs | 20 cM | 50 cM
Cpennee 21,4 20,8 18,8 20,7 19,3 18,4 20,5 195 | 174
Makcumym 39,0 26,0 21,0 36,5 23,5 20,0 34,5 245 | 195
MuHEMYM 12,0 18,0 17,5 11,5 16,0 17,0 12,5 155 | 150
Pa3max 27,0 8,0 4,5 25,0 4,5 3,0 22,0 9,0 4,5
CranpapTHOE 49 16 0,9 4,2 15 0,8 4,1 2,1 1,2
OTKJIOHEHHE
Jucnepcus 24,0 2,5 0,7 17,6 2,3 0,6 16,0 4,4 1,3
Kosddunuent 22,9 76 4,6 20,3 7.9 4,4 20,0 108 | 6,6
BapHalu

Pe3ynpraThl  mCclenOBaHMS — NMPOCTPAHCTBEHHOTO — PACIpEACICHHs CPETHHX  TeMIeparyp
NPECTABICHBI B BUJIE TOMIOU3OIIET (pHC. 3), MOCTPOCHHBIX C MCIOIB30BAHUEM UHTEPIIONSIIMNA METOJ0OM
KpPUTHHTra, KOTOpPbIe HATJISAAHO JIEMOHCTPUPYIOT XapaKTep paclpellesieHHs] CPSAHUX TEeMIIepaTyp BIOJb
CKJIOHa (XapakTepUCTUKU CKJIoHa cM. Ha puc. 1). CoBpeMeHHble BO3MOXXHOCTH 0OPabOTKH
MPOCTPAHCTBEHHO-PACHIPEACTICHHBIX JIAHHBIX CIIOCOOHBI 00ECIeYNTh KOJUYECTBCHHOE OIMCAHUE
W3MEHYUBOCTH TIOYBEHHBIX XapaKTEPUCTUK, MO3BOJISIOT MOBBICHTH TOYHOCTh OIIGHKHM MOYBEHHBIX
CBOMCTB TIpH MHTEPIIOJSIUH JaHHBIX U SBILSIFOTCS OCHOBOW JUISl INTAHMPOBAHMS PAllMOHAIIBHOTO 0TOOpa
nouBeHHbIX po0 (JImutpues, 1995; Cunoposa, 2011).

o

| S —

-
(8,

I'my6una, cM

214 21 206 202 198 194 19 186 182 178 174

T ]

Temmneparypa, °C

Pucynox 3. PacnpenencHue cpelHECYTOUHBIX Temmeparyp mnpoduis rinyouHod 50 cM 1o
TPAHCEKTe BJOJIb CKJIOHA (— — HaIpaBJIeHHE YKIIOHA).

Jns HarssITHOTO TIPEICTaBICHUS PA3IndMil CyTOYHOTO XOJa TeMIlepaTyp B OYBaxX OBUIO BEIOpAaHO
JIBa TIEPHOJIA 110 5 THEH, pa3IMIHBIX TI0 METEOPOIOTHISCKUM ycinoBusiM. [lepBsiid, ¢ 5 mo 10 wromns, ObuT
JKapKUM M BIIQXHBIM; CpelHAA TeMieparypa Bo3ayxa cocraBuna 20,9 °C, makcumansHas — 28,1 °C,
muHuManbHas — 14,6 °C; Bpimaganu oOwibHBIE ocaaku. Bropo#i, ¢ 5 mo 10 aBrycra, ObUl TEIUIBIM U
CyXHM, CO CpemHel TemrepaTypoil Bosmyxa 18,7 °C, 6e3 ocaakoB. Houmas TemmepaTypa Bo3myxa
cHmwkanach 10 10 °C. Cytounsle kojeOaHUs TeMIepaTypsl ObuUM 3a)UKCUPOBAHBI 1O TIIyOUHBI 35 cM, Ha
rryoune 40 cM oHM ObUTH €/1Ba 3aMeTHBI, Ha riryoune 50 cm He HaOmonanmuck (Illamopuna u ap., 2016).
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CraTHCTHUYECKUE TTOKa3aTeIN CYTOYHOTO XO0Ja TeMIlepaTyp B TpeX MouyBax, HamOojee KOHTPACTHBIX 110
BJI&KHOCTHOMY PEKUMY, IPEJICTaBICHEI HA pUC. 4.

A E
33 3
. &
£ 30 % 30
Eu 25 E 25
B5-020 £ 20 —— = 1
é 15 g 15
[t
10 10
35 3
L [
S 30 < 30
= =
£ 25 E 25 ,
(=TS [ =T
g 20 g 20 ++
5 15 g 15
= =t
10 10
35 3
[
£ 30 S 30
oy f= ™
£ 23 E 25 3
g Bon
& 20 g 20 ++
E 15 315
[t
10 10

Pucynox 4. Cratuctuueckue TOKa3aTelld BapbUPOBaHUs 3HAYCHUH CYTOYHOTO X0/a TeMIepaTyphl
MOYB Ha MoBepxHOCTU (A) 1 Ha riy6une 20 cm (b).
[MouBa: 1 — uepHO3eM OII0130ICHHBIIT HEIPOTUPOBAHHBIN; 2 — TEMHO-Cepast JIeCHas CI1a003pOANPOBAHHAS;

3 — nmyroBas cpeaneHambitas (2016 roj, UL — aBrycr).
Ilepuonx HabmOEHMIA: —c¢ 5 o 10 urons; —c 5mo 10 aBrycra.

B oboux mnepuomax HaOmMOJEHMH OTMEYAJIMCh YCTOMYMBBIE TPEHJABI: B IIEPBOM TeMIIEpaTypa
MOBBINIANIACH, @ BO BTOPOM CHHXKajachk. B mepBom pa3zmax xoneOaHMid JHEBHBIX U HOYHBIX TEMIIEpaTyp Ha
MOBEPXHOCTH MOYBBI cocTaBui B cpeaneM 15 °C, nHa riyOune 20 cm — 4 °C. Brimagenune oOMIIBHBIX
0CaJIKOB MPHUBEJIO K 3HAYUTEIILHOMY YMEHBILICHHUIO TEIUIOBOTO MOTOKA M CHIDKEHMIO pa3Maxa KoseOaHui
1o 11 °C. Bo BTOpoM mepurojie HaOI0AaNach COBEPIICHHO Jpyras KapTHHA: pa3Max KoJieOaHUH MEXIy
JTHEBHBIMU M HOUHBIMH TeMIlepaTypamMu He npesbiman 4—6 °C, npu 3TOM CpeHeCyTOUHbIE TEMIIEpaTyphl
CHIKQJIUCH.

[louBeHHBIE PA3HOCTH MOXKHO YETKO PasrpaHUYMThH II0 TeMIepaTrypHoMy pexumy. Hampumep,
MTOBEPXHOCTHBIN CJIOM uYepHO3eMa OINOA30JEHHOro okasaics Ha 6 °C Teruiee, 4yeM cepoil JieCHOU
€11a003pOIMPOBAHHON MOYBHI, a JTYroBOW HambITOH M BoBce Ha § °C. Ha rimybune 20 cMm cepas yecHas
ciabospoaupoBanHas ousa Ha 2 °C, a myrosast HambITast Ha 4 °C XonogHee YepHO3eMa OMOA30JIEHHOTO
HEIPOANPOBAHHOTO. DTO MOXXHO OOBSCHUTH T€M, YTO B MEPBOM (BIAXXHOM) TEpPHOJIE BCE ITH MOYBHI
MMEIOT OTHOCHUTENBHO OJMHAKOBYIO CTETIEHb YBIIA)KHEHUSI.

B orcyTcTBHE OCaiKOB BO BTOPOM MEPHOE PACXO] BJIark Ha TPAHCIUPALIMIO U UCTIApEHHE e T10-
pasHOMY H3-3a TPUYPOUYEHHOCTH DPa3HBIX IMOYB K Pa3JIMYHBIM 3JEMEHTaM pelbeda W MUKpopeibeda
(4epHO3eMBI B OCHOBHOM 3aHHUMAIOT TUIAKOPHBIE YUACTKH, CEpPhIE JIECHBIE MMPEUMYIIECTBEHHO TATOTEIOT K
MHUKpO3alaJiHaM, JIyrOBble HaMBITBIE PACHOJIOXKEHBl B caMOW HWKHEH uacTh Me3ockioHa). Ha
nepepacnpeesieHie Biard IO CKJIOHY BIMSAET HE TOJBKO HAlpaBIeHWE M KpyTH3Ha OCHOBHOTO
ME30CKIIOHA, HE MEHbIIIEe BIMSHUE OKa3bIBAET MHUKpPOpENbed CKIOHOBOH MOBEPXHOCTH. Y CTAHOBIICHO,
YTO B MeCTaxX BBIACJICHHBIX MHUKpPO3alaJuH NOBBIIIEHHOE YBJIaKHEHUE Mpoduis HabIromaeTcs Aaxe B
yCIOBUSX 3acynutuBbix nepuonoB. K momo6ubiM BeiBogam mpuinen A. I1. Copokun (2009), B cBoeii
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paboTe OH BBIIBIII KOPPEJSILIMOHHBIE 3aBUCMOCTH MEX/y IOUYBCHHBIMU CBOWCTBaMU U penbedom. Hamum
uccnenoBanusi B Ilpeacanaupbe mokaszan, 9TO KOI(POHUIMEHT KOPPEISUUH YBIAKHEHHOCTH TOYB C
MUKpopenbedom coctasisieT 0,69. Panee npoBeaenHsle nccnenoBanus B [I[prnoObe Ha YepHO3eMax TakKe
MOKa3aly, YTO JaTepalibHas HEOJHOPOJHOCTh IAXOTHOIO TOPHU30HTA IO 3HAYEHUSIM IIOTHOCTH W
BIQKHOCTH CKa3blBa€TCA W HA €ro TeMIEpaTypHBIX IOKa3aTelsX. AHalIW3 CpeAHMX 3HAYeHHUH
Termogu3nyeckux KO3 QGUIMEHTOB TEeHETHYECKHX TOPU30HTOB JUIsI 4YEpHO3EMOB (32  BeCh
BEreTallMOHHBIM IepHO) IOKa3al, 4To 0ojee BHICOKAs BIAXKHOCTh CIIOCOOCTBYET MEHBIIEMY AHEBHOMY
MPOTPEBY BEPXHUX TOPHU30HTOB (mpuMepHO a0 50 cM), U, COOTBETCTBEHHO, IMOIyUYEHHUIO 0OJiee HU3KHUX
3Ha4YeHul cpenHecyTouHblx Temneparyp (Lanopuna, Ynaynun, 2017).

3AKIIIOYEHUE

[loka3aHo, 4TO CKJIOHOBAas NOBEPXHOCTH IO NOYBEHHBIM CBOMCTBAaM SIBISIETCS B 3HAYMTEIIBHON
CTETNEHH MPOCTPAHCTBEHHO HEOJHOPOAHON. KpyTH3Ha CKIIOHA, €ro MpOTsHKEHHOCTh, Iepenaabl BEICOT U
Jake MUKpopenbed SIBISIOTCS ONMpeessomruMu (akTopaMu B paclpeAeieHu: BiIard B mouBax. Mexay
BJIQKHOCTBIO MOBEPXHOCTHOro cinosi 0—10 cM u MuKpopesnbedoM BBISBIECHBI TECHbIE KOPPEISLMOHHbIE
cBs3u (koadduuueHt koppeisiunu coctaBun 0,69). Ha mpocTpaHCTBEHHYI0 M3MEHYHMBOCTH IUIOTHOCTH
MOYBHl OCHOBHOE BIHMSHHE OKAa3bIBAIOT MOP(QOJIOrHYecKre OCOOEHHOCTH CTPOCHUS MPOdHUIIAL.
TemrmiepaTypHOe 10Jie MaXOTHBIX MOYB, IOYBEHHOT'O MOKPOBA CKIOHOBBIX MOBepxHOCcTel [Ipencananpes B
CIJIly M3MEHYMBOCTU BJIAKHOCTH M IUIOTHOCTH TaKXKe SABISIETCS JIaTEPAIbHO HEOTHOPOAHBIM.
HeoaHoponHOCTH TEMIIEpaTypHOTO TOJISI B TIOYBEHHOM MOKPOBE OOBSICHSETCS OTIWYHAMHU B (PU3HMUECKUX
CBOWCTBaxX MOYBEHHBIX TOPU30HTOB, B IIEPBYIO OYEPEIb UX TEMIEPATYPOIPOBOIHOCTH.

Habmionenne kak 3a CyTOYHBIM XOJOM TeMIeEparyp B IIOYBaX, TaKk M 332 HMX CE30HHBIMU
KOJICOAHUSIMH B Pa3HBIX MOTOJHBIX YCIOBHUSX MOKA3aJl0, YTO PACXOXKIICHHE TEMIEPATyp B COMPSIKEHHBIX
nouBax cocraBisier 0,5-2 °C. B TeyeHue BereTallMOHHOIO MEPHOAA MOYBHI CpeIHE M HIDKHEH JacTel
CKJIOHA (cepble JIECHBIC PA3IMYHON CTEIIEHN 3POAUPOBAHHOCTH U JIYTOBbIE HAMBITHIC [IOYBBI), B OTJINYHE
OT 4YEepPHO3EMOB IUIAKOPOB, XapaKTepH3yIOTCs Oojiee HU3KOW TemIepaTypol, 0COOEHHO B MOANAXOTHOM
TOPU30HTE.

HccnenoBaHusi, OCHOBaHHBIE Ha KOJUYECTBEHHBIX OLIEHKAaX HMHTEHCUBHOCTH IPOTEKaHHUS
PasIMYHBIX BHYTPUIIOYBEHHBIX IPOLECCOB IPH Pa3IM4YHONl Temmeparype, CTAaHOBATCS BcE Oojee
BOCTpPeOOBaHBl B CaMbIX Pa3HBIX 00JACTAX, OCOOCHHO NMPH MPOTHO3HPOBAHHMU PAa3BUTHUS SPO3UOHHBIX
MIPOLIECCOB WJIM, HaNpuMep, MpH PEryIMpOBaHUM MPOTYKIIMOHHOTO MPOIecca CeTbCKOXO03SIMCTBEHHBIX
9KOCHUCTEM.
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SPATIAL DISTRIBUTION OF SOIL TEMPERATURE IN THE COMPLEX SOIL COVER IN
THE CIS-SALAIR REGION

© 2021 N. A. Shaporina, E.A. Sayb

Address: Institute of Soil Science and Agrochemistry of the Siberian Branch of the
Russian Academy of Sciences, Novosibirsk, Russia. E-mail: redactor@mail.ru

The aim of the study was to find out the regularity of soil temperature distribution along soil profiles located
on the slope territories (Cis-Salair region, Russia). To achieve this goal, the following tasks were set:
assessment of the temperature regime of the soils of the Cis-Salair region, which are in agricultural use;
studying the regularities of diurnal temperature changes and identifying a possible relationship with the soil
physical properties of the studied areas; revealing the dependence of the temperature field formation on soil
properties.

Location and time of the study. The study was conducted in the forest-steppe zone in the Bugotak Hills in the
Novosibirsk region, Russia (55°03' N; 88°50' E). The object of the study was a series of soils on a convex
hillslope (411 m long) of southeastern exposure. Five soil profile pits were dug, not far from which
autonomous temperature sensors (DS-1921G “Thermochron”) were installed at every 5 cm to a depth of 50
cm, recording the temperature every 30 minutes. The observation period was from July 1 to August 15, 2016.

Main results. The temperature field of the arable soils on the Cis-Salair slopes was laterally inhomogeneous.
Our study showed that the spatial variability of such indicators as soil moisture and density significantly
affected the thermal conductivity of soil horizons, which was the main reason for the temperature field
heterogeneity. The relief, microrelief and slope exposition also played an important role in the redistribution
of moisture, heterogeneity of the density of soil cover, and, consequently, contributed to uneven heating of the
upper soil horizons. The observation of both the diurnal variation of soil temperatures under various weather
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conditions and their seasonal fluctuations found that the temperature differences in the adjacent soil series of
the convex slope were 0.5-2 °C.

Conclusions. Soil temperature regime is a driving factor in the functioning of agroecosystems, determining
the intensity of various soil processes. Studies based on the quantitative estimates of the intensity of
subsurface processes at different temperatures are becoming increasingly in demand in various fields,
especially in predicting erosion development, or, for example, in regulating the production process in
agricultural ecosystems. Significant variation of soil temperature regime even within the one field should be
taken into consideration for planning land use and adjusting local agricultural techniques.

Key words: soils; soil temperature; soil density; moisture content; microrelief; correlation.

How to cite: Shaporina N.A., Saib E.A. Spatial distribution of soil temperature in the complex soil cover in the Cis-
Salair region // The Journal of Soils and Environment. 2021. 4(2). e146. doi:10.31251/p0s.v4i2.146 (in Russian
with English abstract).
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Ilenv uccnedosanusn. Ha ocnose HOGbIX OamHbIX NpOGeCMU AHANU3 PAOUOAKMUBHOCHU NOYE 6 pAliOHe
paspabomxu mecmopodicoenust aimazoe um. M.B. Jlomonocosa (Apxaneenvckas obracme).

Mecmo u epemsn nposedenus. Ilonesvie uccredosanus nposedenvl iemom 2018 200a 6 paiione paspabomxu
Mecmopodicoenus armaszos um. M.B. Jlomonocosa (Apxaneenvckas obracms).

Memooonozua. /[na evinonnenus nocmagnenHHol 3adauu 3anoxcunu 10 nougeHHvix paspe3os, uz KOMopvix
omobpanu 69 nougennvix 06pazyos. B nonesvix ycrosuax nposedero onucanue mMopghorocuueckux c8olcms
NOY8 N0 2eHeMUYecKUM 20pU3OHmam. B 1abopamopHbix ycio8usx npodvl nous 8biCYUIUBANU 6 CYUUTLHOM
wragy npu memnepamype 105° C 0o nocmosaunou maccwi. Ilocne 83gewusanus npobvl nomewanu 8 cocyo
Mapunennu 0ns usmepenus yoenvroii axmusrocmu uzomonos (yesus (*'Cs), xams (“°K), paous (*°Ra) u
mopus (**2Th)) memodom eamma-cnexmpomempuu. Pecucmpayuio 2amma-usiyuenuti om cuemnozo obpasya
nous, a makdce 0OPAOOMKY CHEKMPO8 NPOGOOUNU C UCHOTb30BAHUEM NPOSPAMMHO-ANNAPAMYPHOO
rxomnaexca «llpoepecc-eammay ®BKM.412131.002-03. Karubposky camma-cnexmpomempa no snepeuu Oisi
KOHMPOAA 3 COXPAHHOCMbIO NAPAMEMPO8 YCMAHOBKU NPOBOOUNU NOCAE KANCO020 USMEPEHUA C
UCNONIL308AHUEM KOMOUHUPOBAHHO20 KOHmMponbHo2o ucmouynuxa OHCH-137-1 6 cocyoe Mapunennu
obvemom 1 aump. MunumanbHoe epems SKCNOHUPOBAHUS cuemHo20 obpasya cocmasnsino 3600 cexyHO.
OO0HaKo 8 3a8UCUMOCIU OM AKMUBHOCMU NPOOLL 8peMsi IKCHOHUPOBAHUsL 8 OMOENbHBIX 00pa3yax co ciabou
AKMUBHOCTNBIO YEeTUUUBANU.

Ocnognvle pesyromamol. B pesyismame noieevix uUCCied08anuil YCMAHOGIEHO, YMO 6 OAHHOM pailoHe
npeobiadarom xapaxmepHole Oisl CE6EPHOI maiieu nougsl uz omoena arvpecymycogoix (noosonst, Podzols).
Maxcumanvnas akmuenocms *¥'Cs cocpedomouena 6 noocmunouno-mopghanom (om 11,4 0o 71,8 Br/ke) u
eymycoeom (om 26,7 0o 105 Br/xe) eopusonmax. B nodzonucmom u anbghecyMosom 20pusoHmax npoucxooum
pesKkoe CHUdCeHue aKmuGHOCmU, 00cmuzaiwee 8 noYgoobpasylouell nopooe NpeoeibHo UMEPAEMbIX
genuuun — om 2 0o 3 Br/xe. Obwas mendenyus naxonnenus ecmecmeennvix uzomonos “°K, *Ra u %2Th &
NOYBEHHBIX 20PU3OHMAX 8 3AGUCUMOCTNY OM MUNA U NOOMUNA NOYEbL BbIpAdicena ciabo. B psioe nousennvix
PA3pe308 GbIAGUNU YEEIUUEHUE AKMUBHOCIU eCMECMBEHHbIX PAOUOHYKAUOO8 C 2IYOUHOU: 6 OCHOBHOM MO
xapaxmepno ons “°K, 20e ezo akmusnocms uzmenanacs om 82,6 0o 652 Br/ke. Akmusnocms ?°Ra u ?2Th 6
NOYBEHHLIX NPOPUIAX usMeHsaacy 6 npedenax om 2,4 0o 47,2 bx/ke u om 2,9 0o 40,6 br/xe,
COOmMBEMCMEeHHO. DMOo CéA3aHO C MeM, YUMo MOPULl NPOUHO COPOUPYEmcst NOYEOL, NOIMOMY MUSPAYUS €20
no nougenHomy npounio svipadicena ciabo. Ou ocadicoaemcs 6 nousax 6 eude 2udpokcudos. bonvue
obo2auenvl paduem Cy2IUHUCMblEe U 2IUHUCHIbIE NOY6bl, A NeCUdaHble NOYGbl, HANPOMUE, OEOHbL IMUM
paouonykaudom. Koruuecmeo paouoaxmueHnoix 31emMeHmos, coo0epiucauuxcs 8 nouee, 6 3HaUUmenbHol mepe
onpeoensiemcst KOHYeHmMpayuei u30monos 6 NOOCMUIAIOUUX 20PHBIX NOPOOAX.

3akniouenue. Iluxu noeviuenus KoHyemmpayuu 6 anvghecymycoguvix copusoumax (BF, BFQ) ceazanvt ¢
yeenuueHuem cooepxicanus 2aunucmou gpakyuu, 2udpokcuoos Fe, Al nosvuuarowux copbyuonmyio
cnocoonocmv  nous.  Iloocmunouno-mopghsnvitl. U 2YyMYcosbill  2OPU3OHM  GLICHYNAIOM 8  POaU
buoceoxumuiecko2o bapvepa, KOmopwviil yoepaicusaem paouoaKmusHvle d1eMeHmvl 8 NoY8e HA ONUMENbHOe
epems. Beudy evicoxou gunbmpayuonnot cnocobHocmu no0307106 HUdCerelcauue 20pu30Hmbl He A6IAI0MCs
naoexcuvimu bapvepamu. *3'Cs u Opyeue paduousomonvt Mo2ym C6A3b16aMbCsl C 2YMYCOGbIMU 6EUJECBAMU,
OKCUOAMU U 2UOPOKCUOAMU diceNie3d U ATIOMUHUSL, 00pA308bI6AMb 2YMYCOBO-JICENe3UCTNbIE KOMNJEKCHI,
0CanicOamvbcsi 8 NOYGEHHBIX HOBOOOPA308ANHUSX, HANPUMED, 6XOOUNMb 6 MUHEPALbHbLI COCMAE OPMUUMEIHOE.
Bonee xaomuunwiii xapaxmep pacnpedenenus ecmecmsennvix paouousomonos K, 2Ra u 32Th ¢ 6onvweii
Ccmenenu CeA3aH ¢ COCMA8OM NOY8000PA3YIOWUX U noocmuaarowux nopoo. Ilodsudxcnocms u Hakonienue
PAOUOHYKAUOO8 NO NPOPUNIO 3A6UCIM OM SPAHYIOMEMPUYECKO20 COCABA, COOEPHCAHUS OPSAHUYECKO20
seujecmed, NOIYMoOPHbIX OKCUO08, MUHEPALOSULECKO20 COCIMABA, d MAKiCe OM MEMNEPAMYPHO20 U 600HO20
PENCUMOB NOYE.
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Knrouesvie cnosa: nousa, paouoHyKauowl; yesutl, Kaiuil, paoutll, mMopuul; cOOepicanue u pacnpeoeieHue;
MecmopodicoeHue aimazoe um. M.B. Jlomonocosa

Humuposanue: basxcenos A.B., Axosenes E.IO., [pyowcunun C.B., Henoscxkuii C.A. Paoduosxonocuyeckue
UCCne008aHUsl NOYE 8 patione paspabomru Mecmopodicoenus aimazos um. M.B. Jlomonocosa (Apxanzenvckast
obnacmu) // Houswl u oxpyscarowas cpeda. 2021, Tom 4. Ne 2. e137. doi: 10.31251/pos.v4i2.137

BBEJIEHUE

PannoaxtuBHOE 3arpsisHenue Tepputopun EBpomeiickoro Cesepa Poccum cdopmupoBasioch B
pe3ynpTaTe pa3nuyHBIX (DAaKTOPOB: HCHIBITAHWKA aTOMHOTO OpYXHuS B aTtmocdepe, B TOM UHCIEe Ha
nmoJiroHax apxwurenara Hosas 3emuisi, aBapuii Ha aTOMHBIX SJICKTPOCTAHIUAX, TOA3EMHBIX SICPHBIX
B3PHIBOB B MHPHBIX IIeNAX, BIUSHUS OOBEKTOB SAEPHON OHEPreTHKH, IPOCTPAHCTBEHHOTO
nepepacrpeneneHusl paAHOaKTUBHBIX HM30TONOB B  pe3yjibTaTe eCTECTBEHHBIX aTMOC(HEpHBIX,
TUAPOJIOTHYECKHUX | Teosiorndeckux nporeccoB (Kozomy6, 1983; Kucenés, 2013; Kpsydronac, [1laxoga,
2013). [TockoabKy 1MOYBa MOKPHIBACT 3HAYUTEIIBHBIC TUIOIIA/H, OHA SBJISETCS OCHOBHBIM JICTTOHUPYIOIIUM
PaIMOHYKIUAB KOMIIOHEHTOM OKPY’KAIOIIeH Cpelpl, B KOTOPOM COCPEIOTOYEHBI OCHOBHBIE 3aIlachl
TexHOreHHbIX u30TonoB (baxkenoB, 2001; EropoBa m gmp., 2012). IlouBa sBnsieTcsl BakKHEHIINM
WHEPIMOHHBIM 3B€HOM OMOT€OXUMHYECKON CUCTEMBI, OT CKOPOCTH MUTPALIUK PaJIUOHYKIIUI0B B KOTOPOH
3aBUCIT TEMIBI WX pacrpocTpaHeHuss mo Bceil memouke (Edpemos, 2005). U3-3a pasnmuumii BO
¢paxuronrom cocrae ¥’Cs, mocTynaromero B JaHAAQTH C TIOOAIBHBIMH, PETMOHAILHBIMM HITH
JIOKQJIbHBIMH BBIMAJICHUSIMH, OCOOCHHOCTH €r0 MHIPAllMd M aKKyMYJISIUU B (POHOBBIX JaHAIIadTax
MOTYT OTJIHMYAThCS OT 3aKOHOMEPHOCTEW, BBISBICHHBIX Ha 3arpsi3HEHHBIX TeppuTopusix. Kpome Toro,
paananbHOE M JaTepaNbHOE pacmpejaeneHue 1ne3nus B (JOHOBBIX JaHAmadTax chopMupoBaiock 3a Ooiee
JUIMTENBHBIN MEPUOJ], YeM TOT, KOTOPBIM XapaKTepeH Uil TePPUTOPUH, 3arpsA3HEHHBIX B pe3yibTare
aBapuu Ha YepHoObuibckoit ADC (Paukora u ap., 2010).

Ha teppuropuu ucciemoBaHus MOIHYIO aHTPOIIOTEHHYHO) HArpy3Ky Ha €CTECTBEHHBINM CEBEpO-
TaeXHBIN TaHAMAPT OKa3bIBAIOT AIMa30]00BIBAOIINE TPEANPUATHs. [|00bI4a MOIe3HBIX HCKOMTAEMBIX HE
CBsi3aHA C BO300OHOBUMBIMH OWOJOTMYECKHMMH pPECypcaMH U TPEJICTaBlIeHa IPEUMYIIECTBEHHO
JOKAIbHBIMA OYaraMi, CO3JaIIMMH WHTEHCHBHYIO HArpy3Ky Ha MPHPOIHYI cpexny. |JaBHBIM
MOOOYHBIM CJIEICTBUEM JTOOBIYM MUHEPATHHOTO CBHIPhS M TOILTHBA SBJsIETCS 00pa3oBaHMe HAPYIICHHBIX
3eMellb B BHWJIE TEXHOTEHHBIX (GOpM penbeda — KapbepoB, OTBAJOB, XBOCTOXPAHWIHIL, KOTOPHIE
UCKITIOYAIOTCS U3 000pOTa MPOAYKTHBHBIX 3€MENb M CIY)KAaT WCTOYHUKAMU 3arpsi3HEHUS] OKPYKaIOIIeH
tepputopun. B Poccuu oOmias miomaap 3eMelns, HapylmeHHBIX TOPHOI00BIBAIONIEH TPOMBIIUIEHHOCTHIO,
coctapnser 1,3 muH ra, win 0,07% Bceit Tepputopun crpansl. OnHAKO B CaMHX TOPHOAOOBIBAIOIINX
paiioHax A0S TAaKUX 3€MeNb MOKET JOCTUTaTh HECKONBKUX MPOIEHTOB. [1o1ans HapyIeHHbIX 3eMelb
B TaKWX paiioHaX HEMpPEpHIBHO paCHIMPSETCs, B CPEAHEM Ha HECKOJIBKO MPOIEHTOB €XeromHo. Mx
PEKYIBTUBAINS CUIILHO OTCTaeT OT paclpocTpaHeHus U He Beerna dgdextusHa (I'opsukun, 2010).

B okpecTHOCTH 3a/I0’kKeHHSI MOUYBEHHBIX pPa3pe3oB, B LeHTpe bemomopcko-Kynoiickoro miaro,
HAXOZATCS JIBA MECTOPOXKIEHHUS 10 J00brde anma3oB. OIMHO M3 HHUX PACIIONIOKEHO B BEPXOBBAX PEKU
3onotnna (Mmectopoxknenne uM. M.B. JlomoHocoBa), a apyroe — B BEpPXOBBSIX pPEKH Pydbn
(Mectopoknenue uM. B. ['puba). B atux paiioHax Bcsi KOpeHHas JieCHas PAcTUTEIBHOCTh M TOYBBI
VHUYTOXKEHBI, ¥ Ha OONbIION IUiomaan chOpMHUPOBAICS TEXHOTCHHBIM JaHAMA(T, KOTOpHIA He
MOJUISKUT BOCCTaHOBJIIEHHIO. Pa3paboTka MECTOPOXKACHUS alMa30B OTKPBITBIM CIIOCOOOM MOXKET
MPUBOJUTh K TIEPEPACHPEICICHUI0 €CTeCTBEHHBIX PAJUOHYKIHIOB B TIOYBAX NPUJIETAIONINX K
MECTOPOXKAEHUIO TEPPUTOPHUIA.

Lenr uccrmenoBaHuii — HA OCHOBE HOBBIX JAHHBIX MPOBECTH aHAIHM3 PATHMOAKTUBHOCTU IOYB B
paiioHe pa3paboTKu MecTOpoXKIeHHs anMa30B UM. M.B. JIoMoHOCOBa, pacroyioOKeHHOTO Ha TEPPUTOPHU
Bbenomopcko-Kymotickoro miato (ApxaHrenbcKas 00J1acTh).

MATEPUAJIBI U METOIbI UCCJIEJOBAHUA

OKcneAUIUOHHbIE paboThI [0 W3YYEHHIO MMOYBEHHBIX pa3pe30B U 0TOOpY Mpod Ais onpeaeeHus
COJICP)KaHUsl PaAJAMOHYKIWAOB TNPOBOAWIM B HIoHe-utoje 2018 . coTpyaHHMKaMu J1abopaTopuu
9KOJIOTHUECKON paguonorud dDenepabHOIO HCCIIEA0BATENbCKOTO IIEHTPAa KOMIUICKCHOIO H3Y4YEeHHs
Apxruku uM. H.I1. JlaB€posa YpO PAH (r. Apxanrenbck). B moneBbIX yCIOBHUIX MPOBOIWIN ONHUCAHHUE
MOPQOJIOrHIECKUX CBOMCTB MOYB 10 FT€HETUYECKUM TOPH30HTAaM COTJIACHO Kiaccudukanuu mous Poccun
(Knaccudukanus..., 2004). KoopauHaTbl 3al0KEHHBIX ITOYBEHHBIX pa3pe3oB ¢ukcupoBain GPS-
Hapuratopom (puc. 1, Tabm. 1). Benomopcko-Kymoiickoe miato pacmnonoxkeHo B 100-120 km
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BOCTOUHEE ApXxaHrenbcka, Mexay pekamu Kynoii u Ilunera u bensim Mopem. Ero miomaas coctaBisieT
okoio 25 Tteic. kM2 Cpenmusisi BbicoTa Mato okono 100 M, MakcumanbhHas — 218 M. B reomoro-
CTPYKTYPHOM OTHOILIEHWHU TEPPUTOPHS IIATO PACIIONIOKEHA Ha ceBepe Pycckoi MIMTHI U MpenCcTaBiseT
30HY couwleHeHus banTtuiickoro muTta u Me3eHCKON CHHEKIHU3bl. 371eCh pacIpOCTpaHEeHbI JaHAMAa(pTHI
XOJMHCTO-KOTJIOBHHHBIX M BO3BBIIICHHBIX PABHUH, CIOKEHHBIE KapOOHATHOW BajaliCKOW MOPEHOH Ha
OCHOBaHUM M3 U3BECTHSIKOB, JIOJIOMUTOB U THICOB. Bcs Tepputopus benmomopcko-Kynoiickoro mnato
3aHsTa JaHmmadTaMu ceBepHoOd Tairu. [IpeobmagaromumMy pacTUTENHHBIME COOOIIECTBAMH SBIISTIOTCS
eTbHUKH 3EJICHOMOIIIHbIE, B MEHBIIEH CTENeHH — OJTOMOIIHBIE, C(arHOBBIE, OONOTHO-TPABAHBIE U
pasHOTpaBHBIE. XapaKTepPHbI TaK)KE CMELIaHHBIE Jieca, COCHIKH, OepesHsiku u ocunHuku (I'eorpadus ...,
1977). IlouBsl ceBepo-TaéxHON Mom30HBI EBpomeiickoro CeBepa Poccmm 001amaroT CHIBHO KHCIOH
peaxiueil TOYBEHHOTO pPacTBOpa, 3HAYECHUS THUAPOIUTHUECKON KHUCIOTHOCTH CHIDKAIOTCA C TITyOWHOMH
npoduis. s moyB xapakTepHbl HaIWYMe HHU3KOH €MKOCTH KaTHOHHOIO OOMEHa, HEHACHIIIEHHOCTD
MOYBEHHO-TIOTJIOIIAIONIETO KOMILJIEKCA OCHOBAaHUSIMH, TpeoONiafaHie COSIWHEHWH MarHus Haj
KaJlbI[eM, HU3KOE COJIepKaHne TyMyca — JIECAThIE IOJIN MPOIICHTA.
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Pucynok 1. llomoxerwme 3O0JIOTHUIIKOTO VyYacTKa 3WMHEOEpPEKHOTO aMa30HOCHOTO paioHa Ha
teppuropun bemomopcko-Kynotickoro mnaro: 1 — TpyOka B3pbiBa; 2 — BEHJ, BEpXHUU 0T/ (MayHCKas
CBUTA — [IECUYAHHUKH C MPOCIOSIMH AIEBPOJIIUTOB); 3—5 — KAMEHHOYTOJIbHBIE OTJIOKEHHUS (CpetHui oTaes: 3
— yp3yrckas CBHTa — C PEAKMMH MaJOMOIIHBIMU TIPOCJIOSIMH aJIeBPOJUTOB, PEXE H3BECTHSIKOB U
rpaBenauToB); 4 — BOepedceHCKas CBHUTA (Mayka MPEUMYIIECTBEHHO 3CJICHOIBETHBIX I1ECYAHUKOB,
QJICBPOJIMTOB U TJIMH C YaCTBIMH ITPOCIIOSMH J0JIOKPETOB); 5 — OJIMYr0-OKYHEBCKasi CBUTa (M3BECTHSIKH U
JOJIOMUTH3UPOBAHHbIE HW3BECTHSKU C BKJIIOUCHHAMH KpeMHEH); 6 — TOYKM 3aJ0KEHHUS IMOYBEHHBIX
pa3pe3oB.

W3 reHeTMuecKMX MOYBEHHBIX TOPU3OHTOB (0 TMOICTHJIAIOLIEH MOYBOOOpasylomeld MOpobl)
orobOpanu 69 npoO, KOTOpbIE YIIAKOBAJIHM B IUIACTHKOBBIC MTAKETHI, MAPKUPOBAB COOTBETCTBYIOIIMM KOJIOM.
B nabopatopHbIX ycnoBUsX MpoObI TOYB BHICYNIMBAIH B CYIIMIBHOM MKady mpu temmeparype 105° C
0 mocTossHHOW Macchl. [locie B3BemmBaHMsA MpoObI MOYB IMOMEMIAIM B cocyA MapuHemnn s
M3MepeHus yeabHOM akTuBHOCTH M30TonoB (uesus (B'Cs), kamus (“°K), panus (?°Ra) u topus (22Th))
METO/IOM I'aMMa-CIIEKTpoMeTpuu. Perucrparuio raMMa-u3iaydeHuil oT c4eTHOro obpasia MouB, a TaKkkKe
00paboTKy CHEKTpOB MPOBOJWIM C MCIOJIb30BAHUEM IPOrpaMMHO-ANNapaTypHOro KOMILIEKCa
«[Iporpecc-rammay ®BKM.412131.002-03 (Metoauxka..., 2016). KanubpoBky ramma-criekrpomerpa 1o
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SHEPTHHU U KOHTPOJIS 32 COXPAHHOCTBIO ITapaMeTPOB YCTAHOBKH ITPOBOAMIIN TOCTIE KAXKIOTO H3MEPEHUS
C UCIIOJI30BaHHEM KOMOMHHUPOBAHHOTO KOHTposbHOro ucrounuka OMCH-137-1 B cocyne Mapunemin
o0bemMoM 1 nuTp. MUHNMaNbHOE BpeMsl SKCIIOHUPOBAHUSI CUETHOTO oOpas3mna cocraBisiio 3600 cekyHn.
OnHako B 3aBHCHMOCTH OT aKTHBHOCTH IPOOBI BpeMs SKCIOHHPOBAHMSA B OTAEIBHBIX 00pasmax co
c1a00i aKTUBHOCTBIO YBETUUNBAIIH.

PE3VJIBTATBI UCCIIEJOBAHUA

B nmo4yBeHHOM TOKpOBE MPeo0IaJar0T MOA30IMCThIE MOYBBI HA KapOOHATHBIX MOPEHAX W IOJ30JIbI
(cm. Tabm. 1), B MEHbIIEH CTEMEHH Pa3BHTHI MONYTHAPOMOPQHBIE U THIAPOMOpQHBIE MOYBbL. B BuIe
HEOOJIBIINX apeaioB BCTPEUAIOTCS Oypo3éMbI TPyOOryMYCHPOBAHHBIE, IEPETHONHO-TEMHOTYMYCOBBIC
0CTaTOYHO-KapOOHATHBIC MOYBHI, 4 TAK)KE TIOYBbI HA TJIOTHBIX THIICAX.

Tabauuya 1
Mopdomorudeckne u reorpaduaeckie XapakTepUCTHKH TI0YB B pailoHe HCCIIeI0BaHUMA
Ne HasBanue mo4ssl; MecTo Huzexc I'myOuna 3aneranus /
paspesa Koopaunatsr MTOYBEHHOTO
3aJI0’KEHHS TIOYBEHHOTO paspesa MOIITHOCTb, CM
TOPU30HTa
1 2 3 4 5
O 0-1/1
IToaszon winroBUaNbHO- AY 1-18/17
KEJIE3UCTHIH MOBEPXHOCTHO- o , E 18-21/3
11-1-18 SIIIOBUAJILHBIN, HIKHSS YacTh B 65022'206’ BF1 21-46/25
ckioHa (KpyTu3Ha 1-2°) B E 41°02.555 BF2 46—98/52
paiioHe AOJAMHBI p. 300TULA BE3 98-148/50
BF C 148-165/17
[Moa301 muoBHAIBEHO- O 0-1/1
JKENIE3UCTBIN MENKO- AY 1-11/10
3JIIOBUAJIbHBIN NT€CUaHbIN Ha N 65°21 285’ E 11-20/9
11-2-18 3aBaJyHEHHBIX MOPEHHBIX
. E 41°05.204" BF1 20-36/16
CYTJIMHKaX; OTAEJbHas BepLIMHA
MEKAypeubst, IPUJIETAIONMETO K BF2 36-50/14
JI0JIMHE P. 30JI0THIIA BFC 50-100/50
O 0-1/1
AY 1-14/13
c~ 14-22/8
AJTIOBHAQJIBHAS TI0YBA; MPABBIH N 65°22 222" o~ 22-43/21
I1-3-18 oeper p. TyukuHn, noiima, 7 M ot o Ca~~ 4355/32
pycia (mpupycioBas Teppaca). E 41°04.479 g
Cg~~ 55-63/8
c~ 63—-88/25
c~ 88-130/42
O 0-1/1
[Moxzon reeBathIii § AY 1-10/9
WUTIOBHAJIBHO-KEIE3UCTHIN
E 10-14/4
HeTJIyOOKO 3JII0BUANIBHBIN; CKIIOH N 65°18.994' 014/
[1-4-18 . o BF1 14-46
kpyrusHoi 1-2°, 500 M ot E 41°06.636" 2
OTCTOWHHKA aTIMa30HOCHO BF29 46-65/19
KUMOEpIUTOBOM TPYOKH BF3g 65-88/23
BFC 88-140/52
O 0-1/1
IToa3zon wroBUATIBHO- AY 1-6/5
KEJIE3UCTHIH OBEPXHOCTHO- E 6-14/8
I1-5-18 JJIFOBHAJIBHEIN; BOAOPA3IE B N 65°22.272' BF1 14-32/18
JOJIMHE p. 30JI0THIIA, C ABYX E 41°02.903' BF2 32-74/42
CTOPOH, OKPY>KCH BF3 74-113/39
3200JIOYEHHBIMH TEPPUTOPUSIMHU BF4 113-126/
BF C 126-176/50
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Ilpooonscenue maovnuysl 1

1 2 3 4 5
(0) 0-1/1
AY 1-9/8
Iomzon I/IJ'IJ'H“OBI/IaJ'ILHO-)KeJ'IeS}I/ICTHﬁ E 9-16/7
TIECUaHbI{ Ha JICTIOBUATBHBIX
I1-6-18 CyHCC‘{aHO-C.erII/IHI/ICTBIX CIOHCTBIX N 65°23.489: ]EFFZ:Lg ;g:gggg
OTJIOKCHUSX; CKIIOH JOJTHHBI MaJIOi E 41°03.301
peku KpyTusHoit 3—4°, B mupokoii U- BF3g 56-100/44
oOpa3Hoii Oanke BF4g 100-116/16
BF5g 116-134/18
BF C 134-144/10
(0) 0-1/1
AY 1-12/11
E 12-20/8
5 BF1 20-47/27
[Mom3ou WILTIOBAATBHO-JKENE3HCThIH ] ' BE2 47-60/13
-7-18 CyTIeCUaHBIH, HOI[CTI/IJ'IﬁCMLII/I c N 65°22.185 BF3 60-93/33
rnyounsl 90 cM TIMHOM; CTeHKa E 41°03.137'
Kapbepa BF4 93-108/15
BF5 108—-136/28
BF6 136—-164/28
BF7 164—-185/21
BF C 185—220/35
(0) 0-1/1
AY 1-3/2
TToa30J1 WILTIOBHATTEHO-XKEIE3UCTHIH E 3-9/6
[1-8-18 CyTecuaHsIi, MocTHIaeMbIi Mopenoii | N 65°20.281' BF1 9-32/23
riryoxe 102 cM; cTeHka Kapbepa E 41°06.565' BF2 32-61/29
BF3 61-76/15
BF4 76—102/26
BF C 102—-127/25
(0) 0-1/1
IToa3011 WUTFOBHATIBHO-KEIC3UCTHIN AY 1-6/5
CyIMeCYaHbIil Ha JOJIOMHTOBBIX E 6-14/8
11-9-18 OTIIO’KEHUSAX; HEOOIbIIIAs N 65°16.992' BF1 14-30/6
OrofIeBUIHAS T05KOMHA Ha CKOJIe E 41°05.809’ BF2 30-54/24
KpyTu3HO# oT 1 10 2° BONMHM3H pydbs BF3 54-60/6
Cenmrii BF4 60-93/33
D 93-123/30
O 0-1/1
TToa30.1 WILTFOBHATEHO-)KEIC3UCThIM AY 1-8/7
SI3BIKOBATHIN CYMECYaHbId, C TITyOUHBI N 65°22 487" E 8-11/3
11-10-18 40 cM MOACTUIIAEMBII CIIOMCTHIMHU , BF1 11-40/29
JICITFOBAABHBIMHA CYTJTUHHCTO- E 41°01.822 BF2 40—99/59
MEeCYaHBIMU OTJIO0KEHUSIMU BF3g 99-115/16
BF C 115-149/24

Haunbonee TtunuuHbli npoduiab MOYBBI MCCIEAYEMOH TEPPUTOPUH OTOOpaKEH Ha pUCYHKE 2.
®dopMupoBaHHE TOYBHI MPOMCXOAUT IOA BIMSHHUEM KOMIUIEKCa (aKTOPOB. MEIJICHHBIX IPOLIECCOB
pa3IoKEHHsT OPraHWYEeCKOTO BEIECTBA, HAKOIJICHUS OPTaHUKH B BEPXHUX IMOYBEHHBIX ropu3oHTax (O,
AY); BBICOKOIi TUIOTHOCTH alib()EryMyCOBOTO TOPH30HTA; CIIOCOOHOCTH PATUOHYKIIHIOB MEPEMENIaThCs
M0 MMOYBEHHOMY NPO(UIII0 ¢ aTMOC(HEpHBIMU OCaJKaMH, TPYHTOBBIMH BOJAMHU H 10 KOPHEBOH cHUCTeMe
pacturensHocTH. OcobeHHocTs pacnpenencHus 3’Cs no mouseHHOMY NMpO(HII0 0OYCIOBICHA PALOM
(haxkTopoB — rII00ATBHBIM BO3AYIIHBIM IEPEHOCOM B pe3yibTaTe aTMOC(EPHBIX SICPHBIX UCIBITAHUH B
MHpe, a TaKkKe nocieacTBusaMu aBapuu Ha YepHoOsuibckoit ADC (baxenos, 2001; Kucenes, 2013).
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Pucynox 2. Ilpodwip nmoa30i1a WILTFOBHATIBHO-KEJIE3UCTOTO B paioHE MECTOPOXKACHUS alMa3oB
nM. M.B. JIoMmoHOCOBa.

BeprukanbHoe pacrnpenesicHne akKTUBHOCTH PaJHOHYKIIUIOB [0 TCHETUYECKHM TOPH30HTaM IOYB
HCCIIEAYeMOro paiioHa IoKa3aHo B TaOnuie 2 U Ha pUCYHKE 3 (CpeiHHE 3HAYCHHS 110 BCEM pa3pe3am).
MakcuMaibHasi akTHBHOCTL 'CS cocpenoTodena B noactuwiouno-roppsaom (ot 11,4 no 71,8 Br/kr) n
TyMycoBOM Topu3oHTax (ot 26,7 mo 105 bk/kr). B momzonmcTtoM M anbherymycoBOM TOpH3OHTax
AKTHBHOCTH PE3KO CHI)KAETCS, TOCTHTask B TIOYBOOOPA3yoLIel IOpoJIe MPEAeTbHO N3MEPSEMbIX BETHYHH
— oT 2 10 3 BK/Kr. AHanu3 3Ha4YeHUH yIeNbHOH aKTUBHOCTH TexHoreHHoro :3’CS B menoM s Bcex
MOYBEHHBIX Pa3pe30B IOKA3bIBAET, YTO YBEJIMYCHHUE €ro KOHICHTPAIMU MHPOUCXOJUT B BEPXHHUX
TOPU30HTAX, & 3TO CBUJIETEIBCTBYET O C1ab0il BEpTUKAIbHOW MHUTPAIlMK BHU3 MO MPO(UII0 32 MEpHOJ
Hakomienus. OcobeHHOCTh pacrpeneieHus uzotona 3’Cs 1m0 moYBeHHOMY NPOQUI0 00YCIOBJIEHA
BHEIIIHUM BO3/ICHCTBHEM Ha MMOYBY — aTMOC()EPHBIMH BBINAJICHUSMH U YCIOBHAMH UX (POPMUPOBAHHS.

Tabauua 2
VnenbHas aktuBHOCTB 'Cs, 2Ra, 2°2Th, “°K B nousax paiioHa MeCcTOpOKIeHHs anMa30B uM. M.B.
JlomoHOCOBa
Homep MzeKc IOUBEHHOro Y aenpHast AKTHBHOCTH PaJIMOAKTUBHBIX M30TOMOB, BK/KT
paspesa FOpH30HTa 187Cs 226Ra 232Th 40K
1 2 3 4 5 6
O 71,8+10,3 — — —
AY 26,7+5.5 9,5+5,9 — —
E 5,6£1,5 3,9+1,7 - 346,9+74,0
11-1-18 BF1 - 2,8+1,4 - 318,0+62,0
BF2 — — 6,6+2.5 394,4+79,0
BF3 — 6,0+1,4 7,3+4,2 407,9+97,0
BF C - 7,4+4.2 13,8+4,7 303,2+77,9
(0] 21,4+13,3 — — —
AY 63,3+9,5 23,1+7,2 — —
218 E 3.0+1,0 112422 35425 193,0+49.0
BF1 3,5+1,1 19,6+3.,4 13,9+3,8 319,6+£65.4
BF2 1,0+0,8 — 7,1£2,5 363,4+73,0
BFC — 10,0£2,2 10,1£3,5 354,7+£71,0
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1 2 3 4 5 6
0 11,4463 - - -
AY 58,7+11,0 19,8+10,9 - —
c~ 2.8+1,7 7,6+4,6 16,3+5,4 475,0+110,0
c~ - 10,7+5,0 19,1+5,8 520,0£117,0
I1-3-18 cg™~ _ 6,5+3,4 8,0+3,3 375,2+84,0
cg~™ — 6,143,9 15,5+4,8 455,0+£102,0
c~ 2,0£1,1 5,843,9 20,7454 450,0+101,0
c~~ — 33429 8,7+3,4 355,6+80,0
0 - 15,6+8,4 - -
AY 78,5+13,2 - - 109,1+77,2
E 2,9+1,1 4,1+1,8 4,7+3 .4 193,3+45.6
11-4-18 BF1 1.7+1.6 113+4.1 5.0+33 294.8+73.7
BF2g 2,1+1,7 9,34+3,5 8,1+3,2 338,9+76,7
BF3g 2,4+0,9 9,9+1,9 8,1+2.6 398.4+76,4
BFC 1,6<1,2 47.249.6 7,645,1 229,0+77,0
0 21,6+6.,6 - - -
AY 62,2+11,1 - - 86,9+71,7
E 4,7+1,3 2,8+1,5 - 285,0+68,8
[1.5.18 BF1 1,1£0,9 2,4+14 3,842.3 320,1+£74,1
BF2 3,3+1,5 12,0+6,3 19,5+7,3 408,0+112,0
BF3 2,4+1,0 6,4+3,3 10,0+3,6 254.,4+64.4
BF4 - 7,943,6 4,8+3,2 295,0+£72,4
BFC — 10,143,5 54+2.8 242.2+60,0
O _ _ _ _
AY 61,1+16,2 - - -
E 3,542.4 47,1483 55434 134,6+48,7
BF1 - 13,144,8 14,2+4.8 304,1+78,7
11-6-18 BF2g 2,742.6 13,9456 24.7+6.,6 602,0+133,0
BF3g 3,4+423 5,6+3.9 12,4445 274,0+72,8
BF4g _ 42435 - 226,4+64.,2
BF5g 3,1+1,2 8,9+4.7 21,9+6,0 652,0+138.,0
BFC — 11,7452 25,746,5 587,0+128.0
0 36,9£17,9 - - -
AY 82,4154 - - -
E - - 40,6+26,2 -
BF1 - - 18,9+18,2 | 283,0£206,0
BF2 — 3,542,8 2,942.6 364,7+80.,6
1-7-18 BF3 - 5,843,3 365,8+84,6
BF4 1,0+0,9 57433 8,543,5 310,8+£74,3
BF5 - 8,3+3,9 16,3+4.,6 411,4+92,3
BF6 2,623 10,6+4,6 21,045,5 572,0£122,0
BF7 - 10,1+5,2 28,7+7,1 623,0£136,0
BF C - 10,345,1 24,4465 584,0£129,0
0 12,3+8,8 15,245.9 — —
AY 105,0+17,7 4,.8+4.7 - 126,0+101,0
E — 54433 5,0+3,1 289,7+71,2
I1-8-18 BF1 — 6.243.1 8,043, 25354618
BF2 2,0£1,1 9,6+4,1 13,1443 33774812
BF3 3,7+1,5 43429 5,0£2,9 154,3+46,9
BF4 - 8,0+3,9 8.843,9 248,3+67,0
BFC 2,442.0 3,4+3,2 8,4+3,7 216,6+60,4

www.soils-journal.ru 7


https://soils-journal.ru/index.php/POS/index

[TouBel U okpyxatowas cpega 2021 Tom 4 Ne2

Ilpooonrncenue mavnuywl 2

1 2 3 4 5 6
0] 39,5+15,0 13,3+8,8 — —
AY 102,1£17.,5 — — —
E 3,9+1,9 4,0+2,9 - 226,4+58,6
[1.9-18 BF1 — 5,1£2,8 3,0+£25 258,6+62,2
BF2 — 3,7+2,8 3,727 252,0+62,0
BF3 7,9£2,9 7,3£6,1 8,4+6,4 417,0£119,0
BF4 — 10,3+4,0 7,3+3,5 315,6+77,1
D - 5,242.8 4,7+£2,6 234,5+57.4
(0] 78,5+13,2 4,843,4 — 62,0+38,3
AY 78,1£19,0 — — —
E 1,7£1,6 3,8+2,9 — 306,0+£72,0
11-10-18 BF1 — 5,8+3,2 2,9+2.7 354,2+80,8
BF2 — 5,6£3,0 4,3£2,8 114,5+£39,1
BF3g 1,2+0,6 7,5+3,2 9,3+3,2 272,9+64,5
BF C 12,0+5,7 5,0+4,7 12,345,7 362,3+97,0

[Mpumeuanue. [Ipoyepk 0003HAYACT yAEIbHYIO aKTHBHOCTH HUKE Tpe/esia 00HapYKEHHS.

80
70
60
50
40

30

AKTUBHOCTH, BK/KT

20

o

Lle3uii-137 Panuii-226 Topmit-232 Kanuii-40x10
B0 EAY OE BBF BC

)

Pucynox 3. PacrpeneneHrie aKTUBHOCTH PaJHOHYKIUAOB IO T'CHETHYCCKMM TOPH30OHTAM TOYB
UCCIIeyeMOro paifoHa (CpeiHie 3HAYCHUsI [0 BCEM pa3pe3am).

OOmas TeHAeHIUS HaKoIUIeHHs ectecTBeHHBIX m3otomoB ‘K, ?Ra m %?Th B mouBeHHBIX
TOPM30HTaX B 3aBHCHMOCTH OT THIIA M TOATHIA TOYBBl BhIpakeHa ciabo (cm. Tabm. 2). B psame
MMOYBEHHBIX Pa3pPe30B BHIBICHO YBEJIWYCHUE aKTUBHOCTH €CTECTBEHHBIX PAJIMOHYKIIUIOB C INIyOWHOM: B
OCHOBHOM 3T0 XapakTepHo s “°K, rie ero akTMBHOCTh M3MeHsIAch OT 82,6 10 652 BK/Kr. AKTHBHOCTB
226Ra u #2Th B nouBeHHOM NpOQuUIAX U3MeHsNach B npeaenax ot 2,4 no 47,2 bx/kr u or 2,9 no 40,6
BK/KT, COOTBETCTBEHHO. DTO CBS3aHO C TEM, YTO TOPUH MPOYHO COPOUPYETCS IOYBOM, IMOITOMY
MUTpaIUs €ro MO0 MOYBCHHOMY TPOQII0 BhIpakeHa cinab0o. OH ocaxknaeTcss B TOYBaX B BHJC
TUAPOKCUIIOB. [lOYBBI, pa3BUTHIE HA HW3BEPKCHHBIX IOPOJAX, XaPaKTEPU3YIOTCS MaKCUMaJIbHBIMU
KOHIICHTpAaIlMsIMA TOpWUS B HIDKHHX Topu3oHTax (®ecenko, Emmotmna, 2020). Hanportus, B
KapOOHATHBIX IOYBaX OH HakKaluIMBaeTcs B BepxHHX ciosx (Yessruemos, Cobakun, 2020). ITo Hamum
JTAaHHBIM, OOJIbIIIE OOOTAIICHBI PaJieM CYTJIMHUCTHIC W TIWHHCTHIC MOYBHI, a TEeCYaHble MOYBBI OCTHBI
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9TUM PAJHUOHYKIIMIOM. B menom xe KoIm4ecTBO pPaaguOaKTUBHBIX 3JIEMEHTOB, COACPKALIUXCA B IIOYBE, B
3HAYUTEIBHOM MEPEC OIPECACTIACTCA KOHHGHTpaHHCfI HU30TOIOB B MOACTWJIAOIIUX I'OPHBIX MOpOAaAx.

BBIBO/IbI

IMomy4eHsl HOBBIE JAaHHBIE IO PaJAMOAKTUBHOCTH ITI0YB B pailOHE pa3pabOTKH MECTOPOXKICHHS
anma3oB M. M.B. JlomoHOcOBa, pacronokeHHOro Ha TeppuTopuu benomopcko-Kynoiickoro mnato
(Apxanrenbckas o6nacTs). MakcuManbHble coepkanus 3'CS BBISBIEHBI B MOACTHIOYHO-TOPQSHOM U
I'yMyCOBOM FOPH30HTaX.

VCTaHOBIEHO, YTO BEPXHHE TOPH30HTHI TIOYBBI BHICTYMAIOT B POJIM OMOT€OXMMHYECKOTO Oapbepa,
KoTOphIi  yaepkuBaeT ¥'Cs. Onnako BBUIY BBICOKOH (MIIBTPALMOHHONW CHOCOOHOCTH MOJ30JI0B
HUDKEJIEKAIME TOPU3OHTHI — MOA30IHMCTBIA U alb()eryMyCOBBIH — He ABJIAIOTCSA HaACKHBIME Oapbepamu,
¥ HEKOTOPOE KOMMIeCTBO 2'CS MOMKET IIPOHMKATH [0 MOACTUIAIOMIEH TOYBOOOPA3YIOMIEH TOPOJIBL.

VCTaHOBIEHO, YTO paclpefeleHue ecTecTBeHHbIX paauouszoronoB K, ?2Ra u 2Th umeer
XAOTHYHBIA XapakTep W B OOJbLIEH CTENEHM CBA3aHO C COCTABOM MOYBOOOPA3YHOIIMX MOPO/I.
[ToABMKHOCTE PAIMOHYKIIMIOB M X HAKOIUIEHHE 110 TIPOQMIII0 MOYBBI 3aBUCAT OT ITPaHYJIOMETPUYECKOTO
COCTaBa, CoIEpKaHKsi OPraHUIECKOTO BENIECTBA, MOJTYTOPHBIX OKCHIIOB, MUHEPAIOTMYECKOTO COCTABa, a
TaKKe OT TEMIIEPATYPHOTO U BOJHOTO PEKUMOB TIOYB.

®UHAHCOBAS [TIOJJIEPAKKA

OKCIeIUIINOHHBIE ~ WCCIIEIOBAHUSI  BBIMOJIHEHBI MO TEeME TOCYAapCTBEHHOTO  3aJaHHs
«KoMIutekcHbIE  M30TONHO-TEOXMMHYECKHE  HCCIEOBaHMS  KadecTBa  NPHPOAHOW  Cpedbl |
UICHTU(UKAIS TPOLIEcCoB €€ TpaHchopManuy Ha IPUMOPCKHUX Tepputopusx Epomeiickoro Ceepa B
coBpeMeHHOCTH U B npouuiom» (Ne 0409-2019-0037 per. nomep HUOKTP AAAA-A19-119011890018-
3).

AHanuTHdeckne W J1abopaTOpHBIC HCCIENOBAHHS BBHIOJHEHBI NpU (UHAHCOBOM MOAIEPIKKE
PO®DU B pamkax HayuHbix mpoekToB Ne 18-05-60151, Ne 20-35-70060, a taxxe rpanta [Ipesunenra PO
Ne MK-1919.2020.5.
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SOIL RADIOECOLOGICAL STUDY IN THE LOMONOSOV DIAMOND MINING AREA
(ARKHANGELSK REGION, RUSSIA)

© 2021 A.V. Bazhenov * , E.Yu. Yakovlev =, S.V. Druzhinin =, S.A. Iglovsky

Affiliation: N. Laverov Federal Center for Integrated Arctic Research of the Ural Branch of the Russian
Academy of Sciences (FECIAR UrB RAS), Severnaya Dvina Embankment, 23, Arkhangelsk 163000, Russia.
E-mail: abv-2009@yandex.ru

The aim of the study was to obtain new data and on their basis to analyze soil radioactivity in the
Lomonosov diamond mining area (Arkhangelsk region, Russia).

Location and time of the study: Field studies were carried out in the summer of 2018 in the Lomonosov
diamond mining area (Arkhangelsk region, Russia).

Methodology: To accomplish the task, 10 soil profile pits were cut, and 69 soil samples were taken from
them. In the field, a description of soil morphology was carried out. Under laboratory conditions, the
samples were dried at 105° C to constant mass. After weighing, the soil samples were placed in a Marinelli
vessel to measure the specific activity of isotopes (cesium (*¥'Cs), potassium (*°K), radium (**Ra) and
thorium (?*2Th)) by gamma spectrometry. Registration of gamma radiation from a counting soil sample, as
well as processing of spectra was carried out using the Progress-gamma software and hardware complex
FVKM.412131.002-03. The energy calibration of the gamma spectrometer to control the safety of the setup
parameters was carried out after each measurement using a combined control source OISN-137-1 in a
Marinelli vessel. The minimum exposure time of the counting sample was 3600 seconds. However, depending
on the activity of the sample, the exposure time in individual samples with weak activity increased.

Main results: As a result of field studies, it was found that Podzols, characteristic of the northern taiga,
prevail in this area. The maximum activity of *¥’Cs was concentrated in the litter-peat (11.4-71.8 Bg/kg) and
the humus horizon (26.7-105 Bg/kg). In the podzolic and Al-Fe-humus horizons there was a sharp decrease
in the activity, reaching the lowest measured values in the parent rock (2-3 Bg/kg). The general tendency for
the accumulation of natural isotopes “°K, ??°Ra, and 2*2Th in the soil horizons was found to be weakly related
to soil type or subtype. In some soil pits an increase in the natural radionuclides with depth was observed,
being mostly the characteristic of “°K as its activity changed downwards from 82.6 to 652 Bg/kg. The ??°Ra
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and Z2Th activities in the soil profiles varied from 2.4 to 47.2 Bg/kg and from 2.9 to 40.6 Bg/kg, respectively.
This is due to the fact that thorium is strongly sorbed by soil; therefore, its migration along the soil profile is
poorly expressed, and the element is deposited in soils in the form of hydroxides. Loamy and clayey soils,
were shown to be more enriched in radium, whereas sandy soils were poor in this element. The amount of
radioactive elements, contained in a soil, is largely determined by the concentration of their isotopes in the
underlying rocks.

Conclusion: The peaks of increasing concentration in the Al-Fe-humus horizons (BF, BFg) were associated
with an increase in the content of the clay fraction, Fe, Al hydroxides, which increase the sorption capacity
of soils. The litter-peat and the humus horizon act as a biogeochemical barrier that retains radioactive
elements in the soil for a long time. Due to the high filtration capacity of podzols, the underlying horizons are
not reliable barriers. *¥Cs and other radioisotopes can bind with humic substances, oxides and hydroxides
of iron and aluminum, form humus-ferruginous complexes, precipitate as new soil formations, e.g. become
part of the mineral composition of hard pans. The distribution of natural radioisotopes “°K, ??Ra and 2*2Th
was found to be more chaotic and more related to the composition of the constituent rocks. The mobility and
accumulation of radionuclides along soil profiles depends on the particle size distribution, the content of
organic matter, sesquioxides, mineralogical composition, as well as on the temperature and water regime.

Key words: soil, radionuclides; cesium; potassium; radium; thorium; diamond mining

How to cite: Bazhenov A.V., Yakovlev E.Yu., Druzhinin S.V., Iglovsky S.A. Soil radioecological study in the
Lomonosov diamond mining area (Arkhangelsk region, Russia) // The Journal of Soils and Environment. 2021. 4(2).
e137. doi: 10.31251/pos.v4i2.137 (in Russian with an English abstract).
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RAINFALL PATTERNS ASSOCIATED WITH RUNOFF AND EROSION LEVELS IN WEST-
SIBERIAN CHERNOZEMS
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The aim of the study was to identify 1) the main regularities of surface runoff formation due to downpours
and 2) the extent of erosion process on arable chernozems in areas with dissected relief and sharply
continental climate. The influence of rainfall patterns and soil physical factors on soil erosion was studied in
three large geomorphological regions in the South-East of West Siberia. Field observations were carried out
during 1968-1979 in the Kuznetsk Depression and in 1984-1986 in the Near-Ob areas, and from 1995 until
present in the Near-Salair area. The data of meteorological stations were analyzed for rainfall patterns in
the same years, including inter-year variability and downpour recordings. Summer precipitation and its
intensity were measured by using hydrograph unit. Water infiltration in the field was studied by the method
of small flooded areas (Nesterov’s method), when square or round frames with an area of 2500 (external)
and 625 cm? (internal) were installed on the soil surface. To simplify and automate water supply, the PVN-00
device was used, consisting of two hermetically sealed tanks, two cylindrical frames of different diameters
and a tripod. The influence of rainfall patterns and soil physical factors on the processes of soil erosion was
studied. As regards climatic factors the data of meteorological stations were analyzed for historical rainfall
patterns, including interannual variability and downpour recordings. Experimental data of water infiltration,
runoff and soil loss were discussed for the main soils units: Greyzemic Phaeozems (Siltic), Luvic Chernozems
(Siltic) and Haplic Chernozems (Siltic) with variable content of soil organic matter and erosion levels. The
studied regions were characterized by the prevalence of precipitation during the warm growing season and
by sporadic or cyclical precipitation patterns. Heavy rains were found to cause significant damage to
agricultural land only locally, during early spring, when the soil is not protected by vegetation. The greatest
erosion hazard is represented by meltwater, not only by its total amount, but also by the snow thawing rate.
The significant decrease in the infiltration rates with extensive farming is the main factor of degradation of
the most fertile soils in West Siberia. Soil vulnerability to erosion in the studied area was shown to decrease
in the range: Kuznetsk Depression > Near-Salair > Near-Ob (no storm damage).

Key words: dissected forest-steppe; physical constraints; rainfall intensity; water infiltration; soil loss;
surface runoff; Greyzemic Phaeozem; Luvic Chernozem; Haplic Chernozem; West Siberia.

How to cite: Tanasienko A.A., Chumbaev A.S., Yakutina O.P., Almendros G., Klenov B.M. Rainfall patterns
associated with runoff and erosion levels in West-Siberian Chernozems // The Journal of Soils and
Enviroment. 2021. 4(2). ¢145. doi: 10.31251/pos.v4i2.145

INTRODUCTION

Erosion is one of the main factors leading to the destruction of soil cover on the planet (Lal 2001;
Daniel et al. 2015; Owens 2020). The accumulation and analysis of climatic and soil data describing
erosion processes over long observation periods serve as good material for studying the behavior of
erosional landscapes and making forecasts of erosion. In the European part of Russia, according to the
generalized analysis of soil and climatic data for the period from 1963 to 2015, the decrease in annual
amount of erosion losses was due to a decrease in surface runoff during the spring snowmelt. This was
due to an increase in air and soil temperatures during the winter period. At the same time, summer
precipitation amount increased which led to an increase in soil erosion losses (Golosov et al., 2018). West
Siberia has specific soil and climatic condition, therefore, its territory is classified as vulnerable in terms
of erosion.

Most of the arable land of dissected forest steppe of West Siberia consists of chernozems which
occupy almost 20-10° ha, including 13-10° ha of arable lands (Khmelev, Tanasienko, 2009a) that yield
high-quality grain owing to its high initial fertility. The population of West Siberia increased essentially
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in the 20th century with an accompanying increase in the agriculturally used area. By that time, the most
fertile lands in West Siberia (chernozems) on its rather flat territory were completely developed. The
further development of virgin and fallow lands was performed on sloping surfaces which are prone to soil
erosion; the slope of these surfaces is sometimes greater than 5% and even 15%. The surface runoff is
well known to occur already on slopes as steep as 2-4%; consequently, at present in West Siberia a total
area of about 7-10° ha is exposed to different levels of erosion.

The erosion rates in West Siberia depend closely on the strong dissection of the relief, heavy
snowfalls in winter and rapid snow melting, which is accompanied by the formation of an ice sheet that
prevents the filtration of snow melted water into the soil profile. In consequence, during the thaw period,
runoff on the slopes can affect as much as ca. 60% of the arable land in the region. Heavy rainfall during
the summer period also significantly damages the soil cover on arable slopes. Due to the fact that profile
thickness of Siberian chernozems is less than in soils of the European Russia, the soils are extremely
exposed to erosion (Tanasienko, 2003).

Under these conditions and in combination with local geomorphological constraints, the analysis of
extreme events has long been a major topic in environmental change research (Hudson, Inbar, 2012).
Thus, this work aims to identify i) the main regularities of the surface runoff formation due to downpours
and ii) the extent of erosion processes on arable chernozems under conditions of dissected relief and
sharply continental climate.

MATERIALS AND METHODS

The study area is located in the basin of the upper reaches of the Ob River and is represented by
structural-denudation and accumulative plains of the West Siberian lowland, denudation plains, low
mountains and middle mountains of the Altai-Sayan mountain region (Orlov, 1983). The studies were
carried out both in the left-bank part (Figure): the Near-Ob plateau (Preobye), and in the right-bank part,
the Near-Salair hilly plain (Predsalairye) (within the limits of the Novosibirsk region) and the Kuznetsk
Depression (within the limits of the Kemerovo Region). The main physical and geographical features of
these geomorphological regions are given below.
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Figure. Map of the main orographic units of the South-eastern part of West Siberia, Russia (dashed lines
indicate boundaries between the main units.

Near-Salair. This region refers to tabular and undulating strongly dissected flat plain with absolute
heights of 200-300 m a.s.l.; in general, this territory slopes towards West-Siberian plain. Watershed
spaces in this area occupy about 1/5 of the territory. The slopes are as steep as 5-15%, complicated and

www.soils-journal.ru 2


https://soils-journal.ru/index.php/POS/index

[TouBel U okpyxatiwas cpena 2021 Tom 4 Ne2

rather long (600-800 m). The density of horizontal dissection ranges within the limits of 1.0-1.2 km-km
2, whereas vertical dissection averages 75-100 m.

This region shows widely spread man-made degraded forest steppe landscapes under conditions in
which soil cover is characterized by low complexity. Basic soil background consists of leached and
podzolized chernozems. Soil-forming rocks of chernozems are loess-like loams. The following features
are typical for such rocks: pale-yellow color, calcareousness, columnar structure and high porosity.
Loess-like loams are homogenous in terms of their granulometric composition and most of them derive
from heavy-textured rocks (Khmelev, Tanasienko, 2009a).

At present due to the general socioeconomic development of the land, the territory of Near-Salair
with highly sustainable sloping soils has turned into zones of intensive denudation. In consequence, up to
1/5 part of the arable lands (i.e., about 200-10° ha of 950-10% ha) are eroded to weak and medium extents.
Therefore, as regards erosion, this region is classified as being at the medium potential risk.

Near-Ob. This region is located in the transition belt from forest steppe to steppe. As regards soil
cover, this area includes mainly leached chernozems which are medium in thickness, humus content and
loamy fraction content. Total area of the arable soils amounts to 670-10° ha; of which about 7.5% is
subjected to serious soil loss. The most distinguishing features of the territory are the general elevation
(absolute heights between 130-310 m a.s.l.), good natural drainage conditions, lack of primary salinity,
and deep groundwater table (10-15 m). Soil-forming rock is loess-like, nonsaline silty clay loam, which
characteristically provides high aeration. The mineral material of the deposits was subjected to syngenetic
changes in response to steppe and meadow-steppe soil formation and displacements at the expenses of
sheet washing during formation of the slopes in the interfluves (Shaporina, Tanasienko, 2003). This
region has relatively gentle horizontal dissection, i.e., 0.6-0.8 km-km. As a consequence, watershed flat
spaces account already for 30% of total area. Really, the steepness of the near-watershed slopes ranges
from 2 to 9%. The steepness of the convex near-ravine slopes approaches to 15-30%, as corresponds to
significant erosion hazard of the territory, an essential part of which (15%) is eroded from weak to
medium extent. Therefore, as regards erosion, this region is also classified as being at the medium
potential risk.

Kuznetsk Depression. This region is an elevated denudational plain where leached, high humus
content and medium in thickness heavy-textured chernozems present the greatest agricultural
significance, the latter being determined not only by their wide spreading but also by the fact that these
soils are the most fertile in West Siberia. The area of arable soils of the Depression makes up to 900-10°
ha. It is important to emphasize that 150-10° ha is eroded to various extents. Soil-forming rocks consist
of loess-like loams which occupy almost all the ecosystems of erosion catena. The thickness of loess-like
loams varies: high values occur in the depressions of the interfluves (up to 2025 m) and minimum values
(often less than 1 m) at the exposures of Paleozoic and other bedrocks (Khmelev, Tanasienko, 1983). The
relief of the Depression is strongly dissected. Horizontal dissection varies from 0.6-0.8 km-km™ in its
western border to 1.0-2.6 km-km in the remaining area. Vertical dissection is the same as in Near-Salair
(75-100 m). In view of such essential dissection the watershed spaces make up to 20 % of the total area.
It is necessary to emphasize that 15% of the arable land in the dissected part of the Depression is eroded
from slight to moderate extent. Therefore, this geomorphological region, as well as the regions decribed
above, should be classified as prone to a medium erosion hazard. Thus, undulating relief of the Near-
Salair and Near-Ob areas as well as the Kuznetsk Depression in addition to sufficient supply with solid
and liquid precipitation favors considerable surface runoff of thawing and downpour waters on the arable
land; this leads to substantial losses of the soil solid phase and hence decreased chernozems’ fertility.

In Near-Salair and the Kuznetsk Depression the main arable lands are represented by medium- and
heavy-textured humus-rich leached chernozems (Luvic Chernozems (Siltic)) (Khmelev, Tanasienko,
2009a, 2013; IUSS Working Group WRB, 2014), in Near-Ob by medium-textured, medium in thickness
ordinary chernozems (Haplic Chernozems (Siltic)) (Panfilov et al. 1976; IUSS Working Group WRB,
2014). Total area of the arable lands amounts to 2.5-10° ha, the most part of which (on the average 80%)
representing the non-eroded land. Non-eroded chernozems of the Near-Altai soil province perform two
very important functions: a) environmental because they are the main constituent of the soil cover in the
most populated area of West Siberia; b) high agronomical production as they are fundamental for grain
crop production (Khmelev, Tanasienko, 1983).

A specific feature of humus horizons (A+B) is the tonguing, which is a specific feature of
chernozems in West Siberia (Karetin, 1982). The thickness of humus horizons varies within the limits of
50-60 cm. The most specific and stable feature of the chernozems subjected to erosion processes is the
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decrease of the thickness of humus horizons. Slightly eroded chernozems occupy the upper third of the
slope; they are characterized by a reduced thickness (up to 30%) of humus horizon. Moderately eroded
chernozems can be found in the middle part of the slope. The thickness of their humus horizons is
reduced by 50%. Strongly eroded chernozems are found in the lowest and steepest part of the slope and
do not have separate horizons (A, AB and B).

Humus content in humus-rich non-eroded chernozems which are widely spread in the Kuznetsk
Depression and partly in Near-Salair amounts to 8-10%, in some cases being as high as 12-13%. Haplic
Chernozems (Siltic) of Near-Ob are classified as medium in humus content. It is known that the heavier
the chernozem texture is, the richer in humus their upper part of the profile is. Main “carriers” of humus
in chernozems are finely dispersed particles (Tanasienko et al. 2019). Annual loss of considerable part of
silty particles (no more than 200 kg -ha* in very low-snow hydrological year and up to 3304200 kg-ha™
in very high-snow year) led to the fact that only slightly eroded chernozems of the West Siberia in the
Kuznetsk Depression are explicitly included in the group of high-humus chernozems (more than 5% C),
moderately eroded to medium-humus (4.0-4.5% C) and strongly eroded transformed to low-humus
chernozems (2-4% C). Sedimentation of highly dispersed particles in the lower parts of the slope caused
by slow velocity of thawing and downpour water leads to the formation of slightly drift meadow
chernozemic soils in ploughed layer where humus content is the same or even higher than in the non-
eroded chernozems (5.8-6.8% C).

In order to assess the role of the climatic factor in the development of erosion processes in West
Siberia, long-term data on precipitation including downpours were acquired and processed by variation
statistics. At the same time, the lack of general consensus among specialists in soil erosion was taken into
account concerning the controversy about which kind of precipitation (solid or liquid) plays a more
crucial role in removing the soil cover of arable slopes. Most researchers consider that solid precipitation
should be taken into account as the main factor, especially in West Siberia. The duration of a cold season
is about half a year, and for this time interval a quarter of precipitation is accumulated. Apart from this, in
West Siberia downpours are frequent, repeating every 5 or 6 years. For instance, in the Kuznetsk
Depression during cold and warm periods (hydrological year) the total amount of liquid precipitation is
ca. 430 mm in the very wet years, and from 450 to 500 mm during extremely wet years. The minimum
amount of liquid precipitation sometimes falls to 50 mm (i.e., during the cold period, i.e. November—
March). Therefore, taking into account such variation in the amount of liquid atmospheric precipitation
we analyzed moisture gradations during the warm time interval for each geomorphological region under
study. The gradations were also studied in detail regarding the inputs of solid precipitation on the
territories during the cold time interval (Table 1). This is the case with the Kuznetsk Depression and
Near-Salair areas where during the warm time interval a “very dry year” is considered to be such a year
when precipitation is no more than 360 mm. In this scenario, the total amount of liquid atmospheric
precipitation sometimes exceeds 450 mm. Consequently, we have to distinguish an extremely wet warm
period. At the same time, extremely moist warm period was not observed in the course of almost 50 years
of meteorological records in the Near-Ob area which is located in the transitional belt from forest steppe
to steppe.

SPECIFIC FEATURES OF CLIMATE AS A SOIL-FORMING FACTOR

The climate of the three geomorphological regions under study, similar to the entire West Siberia,
is sharply continental. Its specific features consist of different duration of the cold and warm periods of
the year and uneven distribution of atmospheric  precipitation  (Slyadnev, 1965;
http://aisori.meteo.ru/ClimateR). The largest duration occurs in the cold period (about six months) and the
shortest in spring.

The proportion of winter precipitation with respect to the annual amount is comparatively low
(Table 1) and represents about 25 %, whereas in spring it represents only 10 %. Thus most of the
precipitation falls during the warm season (from April to October). During the cold time interval (from
November to March) the Kuznetsk Depression on average receives 100 mm of solid atmospheric
precipitation, Near-Ob receives less than 90 mm and Near-Salair area receives more than 130 mm. Snow
cover usually forms on the frozen soil. The duration of the preliminary winter period varies from two
to three weeks.
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Table 1

Precipitation in the cold (XI-I1), warm (IV-X) periods and hydrological year in the forest steppe
of West Siberia (Tanasienko, 2003)

Statistical parameters

Period Description of the year n | lim, mm Mim.mm | o.mm | V. %
Near—Salair, Toguchin weather station (1936-1997)
Very low—snow 12 61-72 6612 4.6 7
Low-snow 10 81-90 85+1 3.6 4
Cold Normal-snow 11 98-105 101+1 3.0 3
High-snow 9 108-119 11442 4.6 4
Very high-snow 17 122-190 14845 175 12
Very dry 18 233-296 26245 20.0 8
Dry 14 307-330 31942 8.3 3
Warm Nor.mal 3 339-345 34245 6.6 2
Moist 7 361-390 36945 11.0 3
Very moist 15 394450 43048 30.1 7
Extremely moist 4 451490 476+4 7.4 2
Very droughty 11 303-374 338 - —
Hydrological | Droughty 10 380415 396 - -
year Normal 18 427-462 446 -
Moist 8 466-508 483 - -
Very moist 13 512-606 560 - -
Near—Ob, weather station of Ordynskoye (1936-1990)
Very low—snow 14 51-75 64+2 5.2 8
Low-snow 4 78-88 8243 6.2 7
Cold Normal-snow 10 93-105 100+£2 5.2 5
High-snow 10 106-115 11142 4.9 4
Very high-snow 6 129-159 14145 13.1 10
Very dry 15 160-243 21347 28.0 13
Dry 9 276-300 28743 13.0 5
Warm Normal 7 301-319 30846 20.5 6
Moist 6 332-349 34443 8.5 3
Very moist 9 370-497 419+12 26.3 6
Very droughty 9 215-341 297 — —
Hydrological Droughty 14 349-389 369 - -
year Nor_mal 5 412435 420 - -
Moist 9 443-477 456 — —
Very moist 5 489-570 538 - -
Kuznetsk Depression, weather station of Kolchugino (1936-1990)
Very low—snow 8 49-75 68+3 8.4 12
Low-snow 8 7790 8142 5.4 7
Cold Normal-snow 12 93-105 99+2 5.4 6
High— snow 12 106-117 113+1 4.1 4
Very high-snow 9 121-153 13144 11.3 8
Very dry 9 67-300 28744 12.2 4
Dry 9 307-330 318+3 8.7 3
Warm Nor_mal 7 338-360 35044 9.7 3
Moist 9 361-381 370+3 10.0 3
Very moist 12 393-443 436+10 41.3 9
Extremely moist 4 459-493 48445 8.8 2
Very droughty 5 342-379 358+8 18.9 5
Hydrological Droughty 10 389-429 405+4 12.8 3
year Nor_mal 10 433-479 461+6 17.6 4
Moist 4 495-428 5137 13.9 3
Very moist 5 533-641 569+23 50.3 9

Footnotes for Tables 1-3. Compiled from: Climatologic Reference Book of the USSR (1956); Reference
Book of Climate of the USSR (1977); Meteorological Reference Book (1961-1988).
n — sampling years; lim — fluctuation of data; M — mean; m — standard error of the mean; 5 — mean-square
deviation; V — coefficient of variation. Dashes indicate not available data.
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Precipitation is the most important factor which determines the erosive role of climate. Not all the
climatic indices to the same extent influence the intensity of erosion processes. The most important
indices are annual precipitation and snowfall regime. In any location the amount of precipitation varies
with time and is rhythmic by its nature (Rode, 1978). Therefore, annual precipitation gives a general idea
of the moisture on the territory but is associated with the fact that the higher the precipitationis, the
stronger the erosion is. At the same time, it was established that the correlation between total precipitation
and erosion intensity was not significant as the same precipitation amount could result in different extents
of erosion (Gudzon, 1974). Considerable variation of the precipitation in the cold and warm seasons and
its annual amount was related to its rhythmic falling (Table 1). While studying meteorological data for the
40-60 years long period we succeeded in observing conspicuous regularity patterns. As it was noted
earlier (Slyadnev, 1965), droughty seasons are known to be repeated in cycles of ca 10-11 years. In fact,
no more than half of the annual amount of precipitation falls in these years during a warm weather
interval. Nevertheless, as a rule, precipitation in the cold weather interval proved to be extremely high
over the course of these years (Khmelev and Tanasienko, 1983; 2009 ab). As for the three
geomorphological regions under study, erosion losses were greatly different that is why it is interesting to
follow how the total amount of precipitation and slope exposure determined the erosion intensity and how
solid atmospheric precipitation and radiation regime influenced snow thawing. Based on the precipitation
data, it is possible to forecast yearly erosion losses due to downpour and thawing water runoff, in order to
implement appropriate strategies to reduce erosion processes to admissible levels.

The same precipitation pattern was found to be peculiar to Near-Salair and Near-Ob areas for the
same Yyears. Therefore, the rhythm of precipitation which we observed in the dissected forest steppe of
West Siberia confirms and supplements the observations of researches in different regions of Russia
(Bazykina, Boiko, 2010; Komissarov, Gabbasova, 2014; Bazykina et al. 2015; Bazykina, Ovechkin,
2016; Gusarov et al. 2018). As for the West Siberia, purposeful soil studies on the changeability of
atmospheric moistening have not been practically carried out (Tanasienko et al., 2019).

FIELD STUDIES: DATA COLLECTION AND SAMPLING

Summer precipitaion and its intensity were measured by using Hydrograph unit. Water infiltration
in the field was studied by the method of small flooded areas (Nesterov’s method), when square or round
frames with an area of 2500 cm (external) and 625 cm (internal) are installed on the soil surface. The
outer frame is protective and the inner one is measuring. The essence of the method is to take into account
the amount of water poured into the measuring frame (known area) per unit of time. To simplify and
automate the water supply, the PVN-00 device is used which consists of two hermetically sealed tanks
(Marriott vessels), two frames (cylindrical) of different diameters and a tripod. The calculation of water
permeability is carried out in the same way as in the Nesterov method. The snow survey stage was
measured using a BC-1 snow-gauge and a special metal snow scale (Mueller et al., 2016).

Descriptive statistics (Dospekhov, 1979), Microsoft Office Excel 2007 were used for the data
processing.

RESULTS AND DISCUSSION

It should be pointed out that a specific feature of farming in the three geomorphological regions
under study is represented by the lack of winter crops. Fallows and perennial sown pastures account for
no more than 20% among agricultural lands. The sowing of spring crops begins, as a rule, in the first
decade of May. During the entire May soil surface is not protected by plant cover. Therefore, the highest
erosion risk in the strongly dissected forest steppe of West Siberia is in May. In May, during all the years
regardless of moisture, except the dry years, precipitation varied within very narrow limits, such as 46-53
mm (Table 2). The characteristic property of the very dry vegetative season was found to be represented
by a small and approximately equal precipitation, i.e. 44-54 mm, whereas in the remaining years (dry —
very wet) the maximum precipitation falls in June and July. During these months the precipitation was
half of that in May. However, by the end of June soil surface is closely covered by spring crops and the
erosion hazard becomes essentially weaker.

It is known that total precipitation data are routinely used to assess the potential soil erosion,
although the increase in summer precipitation is not always accompanied by appropriate increase in the
surface runoff and the loss of solid soil phase (Cheremisinov, 1955; Zaslavsky, 1979). The value of
surface runoff depends mainly on rainfalls intensity, their duration and frequency as well as on soil
infiltration capacity (Livovich, 1974). It should be taken into account that about 70% of the precipitation
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at the territory under study falls during the months of extreme erosion risk, i.e. May—August. At a given
time, the daily maximum precipitation ranged widely (from 15 to 83 mm) in the Kuznetsk Depression and
the Near-Ob area during the years with normal moistening. On the other side, daily maximum
precipitation was not high in the very dry and dry warm erosion risk periods, with the exception of Near-
Salair.

Table 2
Monthly precipitation during vegetational season in the years with various moistening. Kuznetsk
Depression, Kolchugino weather station (1948-1988)

Month _ Statistical parameters
lim, mm | M+m, mm | 6, mm V, %
Very dry, n=9
May 21.4-77.9 46.2+7.9 23.9 52
June 25.1-76.8 43.9+4.8 14.3 32
July 10.1-82.9 53.7+31.0 93.0 173
August 20.3-59.0 45.1£7.5 22.5 50
Total - 130.7 - —
Dry, n=10
May 13.549.9 23.5+£3.5 11.1 47
June 31.4-85.8 49.1+5.8 18.5 37
June 18.7-112.6 64.1+8.8 28.0 44
August 10.9-107.2 73.1£26.6 94.0 128
Total — 209.8 - -
Normal, n=7
May 23.8-98.6 53.1+10.7 28.3 55
June 35.4-120.3 74.4+12.4 32.8 44
July 23.5-100.8 68.3+12.6 33.8 49
August 18.9-70.1 45.749.2 24.6 54
Total - 222.1 - -
Moist, n =6
May 30.7-62.8 48.3+5.2 12.8 26
June 35.5-73.0 51.3+5.7 141 27
July 65.9-113.7 93.74+8.2 20.2 22
August 18.9-121.8 65.5+15.0 36.8 56
Total — 258.8 - —
Very moist, n =9
May 27.7-90.5 55.0+£6.5 194 35
June 70.8-125.6 90.4+6.8 20.3 22
July 27.8-144.2 80.6+£14.8 44.4 55
August 48.5-109.4 81.0+5.6 16.8 21
Total — 307.0 - —

Footnotes: n — sampling years; lim — fluctuation of data; M — mean; m — standard error of the mean; & —
mean-square deviation; V — coefficient of variation. Dashes indicate not available data.

In all three geomorphological regions the precipitation usually varied during the warm period
within 15-46 mm, significantly increasing as the temperature rose. For instance, in the Kuznetsk
Depression, the maximum daily precipitation reached 36, 67 and 49 mm in May, June and July
respectively, in the very wet and warm period. It was supposed that all daily rains—as heavy as 20 mm
and more—were associated with significant erosion hazards (Kaufluss, 1980). However, it should be
noted that rains with comparatively smaller daily precipitation can also lead to substantial erosion risks.
In West Siberia and in the Kuznetsk Depression in particular considerable part of liquid precipitation falls
as downpours. Maximum precipitation during a downpour varied 50-54 mm in the Kuznetsk Depression.

In May downpours were infrequent and poor, precipitating 10-16 mm (Table 3). However, they
fall on the soil unprotected by plant cover, and hence significant erosion loss of soil solid phase in arable
lands occured on the slopes. The most frequent downpours occured in June and July, especially in the
normal and extremely wet years. For instance, 5-8 downpours fall in June and July, whereas in the
normal and extremely wet years such downpours were twice as frequent. Of course, the risk of erosion
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by rains in June and July was much lower than in May, but in the course of these two months it was 2-3
times higher than in May.
Table 3
Description of downpours in the years with different moistening (Kolchugino weather station).
Roman numbers indicate months of the year

Description of Months Total downpours, | Total precipitation, | Downpours, % of
the years Vv VI Wil VI V-VIIl, mm" V=VIII, mm total sum for V-VIII
very gry, ~ | 1411 | 62.9/4 |680/5|  145.0/10 318.8 45

Eiyé 27.0/2 | 40.5/3 | 84.9/6 |18.5/2 |  170.9/13 729.3 23
Nﬁr:msa" 133/1 | 932/6 | 111.3/7 | 62.3/4 |  280.1/18 769.5 36
Moist,
o 165/1 | 38.8/3 | 936/4 | 71.8/5 |  219.7/13 839.3 26
Veymolst | aves | 7745 1221 | 13127 384.3/1 34
Extremely 1 10471 | 104777 | 8487 | 4123 | 240818 1312.5 18
moist, n=3

Footnotes: *Left-hand value refers to total precipitation, mm; right-hand value refers to number of
downpours.

Comparing regions under study, one should note that the most prolonged and intensive downpours were
recorded in the Kuznetsk Depression. For instance, in June 1977 the downpour delivered a total of 39
mm, being extremely intensive (2.7 mm per min) for 10 minutes, and in July 1983 the precipitation
amounted to 22.4 mm in 7 minutes.The same territory obtained 48 mm of rain that was highly intensive
during the first hour (1.9 mm per min for 5 minutes and 0.43 mm per min for the first hour) and low over
12 hours with intensity of 0.04 mm per min (Meteorological Reference Book, 1961-1988). Rather
intensive and prolonged downpours were recorded in the Near-Salair area, in particular on July 10, 1963,
when there was a downpour totalling 84 mm, its temporal intensity being as follows: 5 min: 1.6; 10 min:
1.4; 20 min: 1.0; 1 h: 0.30; 12 h: 0.07 (Orlov, 1971). As for the Near-Ob area, we never succeeded in
finding there in 1984-1993 period the downpours of intensity and amount exceeding 0.5 mm - min? and
10 mm, respectively. These observations confirm that downpours were not associated with erosive risks,
and eroded soils began to form due to surface runoff from the thawing water. In fact, the only intrinsic
effect of downpours did not represent severe hazard to soil cover of the sloping surfaces if their intensity
is smaller than water infiltration, which is of special importance in the dissected regions. First, infiltration
values inform about the degree “absorption” of atmospheric precipitation, downpours in particular, and
possible formation of surface runoff. Second, according to our results infiltration rate changes in soils
displaying different degrees of erosion. Since the eroded and non-eroded chernozems and drift meadow
chernozemic soils are located on different positions of the drainage basin, it can be confirmed that water
infiltration varies greatly throughout the whole drainage basin as well as in the individual plots of the
slope; this fact adversely affects the accumulation of warm period precipitation and the water balance of
the territory as a whole and leads to the increase both surface runoff and erosion processes. Nevertheless,
in the case of the water infiltration throughout the whole drainage basin (even though such a case can
hardly occur) erosion resilience of soils will depend to a certain degree on their slope location: the lower
positions of the slope where water enters from the top are exposed to the greater water absorption load as
compared with the overlying plots (Burykin, 1972). Therefore, the water infiltration of all sligthly drift
meadow chernozemic soils without an exception was considerably higher even in comparison with the
non-eroded chernozems which occupy slightly sloping watershed areas. The high infiltration of slightly
drift meadow chernozemic soils can be explained by the fact that the drift layer of these soils consists of
sorted water-stable aggregates of more than 1 mm in diameter. During its flow along the slope, the
downpour water causes a loss of the solid phase; this phase sediment on the surface of meadow
chernozemic soils as a consequence of the decreased velocity of the water flow. Characteristically, the
biggest infiltration rate (judging by the third hour of observation) was recorded for the podzolized non-
eroded and slightly eroded chernozems of the Kuznetsk Depression (more than 1 mm-min’t). Infiltration
rate of moderately eroded chernozems is two times less than that of non-eroded and slightly eroded soils.
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The lowest infiltration rate (0.4 mm-min) was characteristic for strongly eroded chernozems. Due to the
low content of humus and organic colloids (mainly humic acids) that contribute to soil structure
formation, water permeability of the non-eroded chernozems of the Near-Salair and Near-Ob areas was
approximately half of that in the similar soils of the Kuznetsk Depression. In particular, humus depletion
is @ major driver of soil degradation after soil structure destruction, soil compaction and soil biodiversity
loss, i.e. conditions which make soils prone to accelerated erosion (Lal, 2004). As for the eroded
chernozems of the Near-Salair and Near-Ob areas, the infiltration rate there was found to be extremely
low, ranging 0.23-0.6 mm-min™. In those areas the downpours with intensity exceeding 5 mm-min?
should cause surface runoff on chernozem at the sloping surfaces. Previous observations (Surmach, 1955)
reported that surface runoff occured already due to 5 min of downpour. As a rule, in most cases the
downpours last for 5-7 minutes, resulting in 10-15 mm of precipitation (sometimes 30-50 mm over more
prolonged time intervals), so that the high kinetic energy of the surface runoff of downpour water
becomes obvious.

Many authors noted that because of intensive rains, the slope runoff, especially from the steep
slopes, is greater on arable lands than on virgin or lay lands (Konovalov, Pyzhov, 1969; Spomer et al.,
1973), resulting in high removal of soil material on arable slopes. Furthermore, due to downpours the
amount of water per unit area of soil surface is several times higher than due to the intensive snow
thawing (Makkaveev, 1975). Moreover, the amount of removed soil can average from 100-160 up to 500
mg-ha!, which is equivalent to 10-50 mm of soil profile ( Luca, 1963; Gorbunov, Ryabov, 1972; Lal,
1976; Zaslavsky, 1979; Schwertmann, 1981). The chernozems under study are heavy-textured but
downpours prove to be extremely destructive in light-textured soils as compared with chernozems. For
instance, under subtropical conditions of the Mediterranean region (e.g., Spain) where luvisols are mainly
characterized by loamy sand texture, the August downpour was as intensive as 70 mm for 45 minutes. As
a result, the loss of soil mineral part ranged from 200 to 700 Mg-ha* and more, as measured in runoff
plots (10 m wide and 50 m long). It is noted that the least loss was found to occur under minimum (zero)
soil tillage practices (De Alba et al. 2003). In this line, the analyses by Nunes et al. (2016) of the spatial
variability of annual precipitation and erosion in southern Portugal suggested that their decrease was
partly counterbalanced by an increase in their intensity i.e., that the recorded decrease in precipitation
should not be interpreted as a decline in the potential risk of soil erosion. This is in line with the studies
by Strohmeier et al. (2016) in plot locations in Austria who also found that the magnitudes of the large
extreme events may overcome the effect of its low occurrence probabilities, and therefore, the large
extreme events effectively contribute to the long-term soil loss.

The processes of soil erosion caused by downpours essentially differ from the thawing water
erosion (Kalianov, 1974). During the warm time interval the surface water runoff occurs only on the
moist and sometimes on the dry sloping surface, rather than on extremely moist surface which is in the
“fluidity stage” like during snow thawing. The slope exposure is of low importance during downpour
precipitation, whereas during snow thawing its importance is very high. In the warm time interval the
steepness of the slope and soil-protective capacity of plants play a substantial role in mitigating the
downpour effects.

The largest soil loss due to erosion occurs during downpours in fallow fields (Hairston et al.,
1984) with tilled and close-growing crops, but in early stages of development of plants when their soil-
protective capacity is still low (beginning or middle of June). During heavy showers the erosion loss of
solid phase of slightly eroded leached chernozems averaged 4.6 mg-ha® when the slope inclination was
up to 5% (Table 4). With increasing slope inclination, and consequently the flow kinetic energy, the
removed mass sharply increases (Wischmeier et al. 1958). This is the case with Kuznetsk Depression,
where the soil loss already reached 16 mg-ha™ at slopes of 5-9% and 22 mg-ha at slopes of 9-15%, as
estimated by Khmelev and Tanasienko (1983).

The most abundant and intensive downpour during the study was observed on July 24, 1970. For
the first 10 min the downpour intensity was 2 mm-min, then for 21 min it was 1 mm-min®. As the
surface of the leached, medium thickness, heavy-textured chernozems was protected by the well-
developed wheat plants, downpours did not seriously destroy the soils of 3-5% slopes, where soil loss
was not more than 2 Mg-ha’. Nevertheless, on steeper slopes (5-15%) the soil loss was considerable and
ranged from 23 to 48 Mg-ha™. In the lower near-narrow part of the slope, at the lower altitude than the
wheat field, the fallow plot was prepared for the forest belt as wide as 15-20 m. In some places of this
plot the downpour washed off completely the ploughed layer as wide as 30 cm; the depth and width of the
rain channels was
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Table 4
Downpour loss of solid phase of chernozems of different erosion degree
Month Crop Ig?gg?f Steepness | Precipitation, _ D.ownpour . | rRunoff, mm Soil Ios_f,
. of slope, % mm intensity, mm-min mg-ha
erosion
Kuznetsk Basin
May 25.0 1.2 13.8 5.3
June . 36.0 15 18.0 6.2
quly | Wheat | Slight 35 38.5 11 17.3 5.1
July 41.0 15 18.0 6.2
June 25.6 15 15.3 2.0
June 36.0 1.0 195 15
July 17.0 1.3 9.0 1.2
August | C°M | Moderate 59 19.0 12 10.0 12
August 38.5 11 16.0 1.7
August 30.0 1.0 18.5 2.9
May 25.0 1.2 15.0 2.2
July Moderate 5-9 41.0 13 28.7 235
July No 36.0 13 19.8 125
July corn 25.0 1.2 18.7 15.6
July Strong 9-13 36.0 13 17.3 125
July 41.0 1.3 19.8 46.7
Near—Salair
June Wheat Slight 1.5 40.0 2.0 32.0 125
June Wheat | Moderate 1.5-5 40.0 2.0 32.0 50.0

measured as 44 and 220 cm, respectively. Therefore, general soil mass loss amounted to ca. 24 m® from
every rain channel. Podzolized loamy chernozems of Near-Salair are characterized by very high erosion
loss. As compared to non-eroded chernozems, their insignificant erosion-preventive resilience can be
explained by the reduced content of clay and humus, i.e. the mineral and organic glues, combined with
not high cation exchange capacity; therefore, these soils are washed off intensively. It is remarkable that
in these soils at the same slopes the thawing waters remove 3—4 times less solid phase than during
downpours. According to our calculations it takes 53-110 m® of thawing water to wash off 1 Mg of
chernozem in West Siberia, whereas during downpours the respective amount is estimated as 8-50 m®,
Such difference in erosion losses due to the snow-thawing runoff or the downpour waters can be
explained by the fact that during snow melting in low-snow hydrological years the thawing waters are in
contact with the surface of thawed soil for 4-6 hours during 3-5 days, averaging 12-30 hours. In high and
very high-snow hydrological years the duration of contact of thawing water with the surface of slope
chernozems increases up to 6-10 days, making up to 30-50 hours. As for the downpour water, its contact
with the surface of chernozems lasts for 10-40 min. It is necessary to keep in mind that downpour water
is partly absorbed by a warm soil profile, and during snowmelt the depth of the maximum soil defrosting
is 5-20 cm. Beyond the thawed layer the soil is in a frozen state and practically does not absorb thawing
water.

CONCLUSIONS

In West Siberia heavy rains cause significant damage to agricultural land only locally, during early
spring, when the soil is not protected by vegetation. The greatest erosion hazard is represented by
meltwater, and not only by its total amount, but also by the thawing rate. In both cases, soil permeability
plays an important role in the resulting runoff amounts. The vulnerability to soil erosion in the studied
area was found to be as follows: the Kuznetsk Depression > Near-Salair > Near-Ob (no storm damage).
These studied regions were characterized by i) the prevalence of precipitation during the warm growing
season; ii) sporadic or cyclical precipitation patterns; and iii) a significant decrease in the infiltration rate
during extensive agriculture as the important factor determining the degradation of the main fertile soils
in West Siberia.
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Lenvio uccnedosanus 6vi10 1) ycmanosums ocHOGHbIE 3AKOHOMEPHOCIU DOPMUPOBAHUSI NOBEPXHOCTIHO20
JIUBHEB020 CMOKA U 2) OYeHUumb MACUmabsl IPOUOHHBIX NPOYECCO8 HA NAXOMHBIX YePHO3EeMAX 8 YCA0BUAX
pacunenennozo perveda u pesko KOHMUHEHMANbHO20 KIuMama. Bauanue nusnell u nousenno-gusuueckux
@axmopos na 23po3ul0 NOUE U3Y4AIU 8 Npedenax mpex DOTLUIUX 2e0MOPPONOSUYECKUX PALIOH08 HA 1020-1020-
socmoxke 3anaonoti Cubupu. Ilonesvie nabniooenus nposoounu é Kysueyxou komnosurne u Ilpuobve ¢ 1968—
1979 u 1984—-1986 22. coomeemcmeenno, 6 [lpucaraupve — ¢ 1995 200a no nacmoswee gpems. Ilonegvle
3amepbl  600ONPOHUYAEMOCIU NPOBOOUNU Memoodom Hecmeposa na neborbWUX 3ANOTHAEMBIX 6000U
yuacmkax, 20e YCMAaHo6NIeHHble HA NOBEPXHOCMU NOYBbl K8AOPAMHbIE UIU KPY2ble PAMKU O2PAHUHUBANU
nnowads 2500 cm? (snewnss) u 625 cm? (euympennss). Konuuecmeo u unmeHcusHoCms 0ca0K06 USMEPAU C
nomowgvio  euodpoepaga. Ha ocnosanuu  cobcmeeHHbIX  HAOMOOEHUU U MHO2OAEMHUX — OAHHBIX
Memeoponoeudeckux cmanyuti  (1936—-1997 2e.) u3yuenst npedenvl 6apbUpoOBAHUs KOIUYECMBA U
UHMEHCUBHOCIU NIUBHEBbIX OCAOKO08, UX NUKogvle 3HaueHus. Hccrnedosanvi u 0600wensl Oannvie no
8000NPOHUYAEMOCTNU NOUYB, 00BeMAM HCUOKO20 U MBEPO020 CMOKO8 HA OCHOBHBIX MUNAX NOY8 OAHHOU
Mmeppumopuy — cepuix J1eCHbIX NO46ax, GblUYEIOUEHHbIX U ONOO30JIEHHbIX YEPHO3EMAx, Pa3iuialouuxcs no
cmenenu 3pOOUPOBAHHOCIU U COOEPICAHUI0 OP2aHUYEeCcKo20 eeujecmed. Hccaedosannvle meppumopuu no
cmeneHu YA36UMOCMU K 3PO3uu pacnoiazaromcs 6 ciedyiowem nopsoke: Kysmeyxkas xomiaosuna >
Ipeocanaupve > Ipuobve. [IpodonsicumenbHOCMb U UHMEHCUBHOCTb MBEPOLIX U HCUOKUX 0CAOKO8 USPAIOMm
KAI04e8yi0 POl 8 pazeumuu nosepXHocmuoeo cmokd. Cunbhvle 00HCOU HAHOCAM 3HAYUMENbHBIN Yujepo
CEeNbCKOXO3ANUCMBEHHLIM  Y200bsM MOJbKO JOKANbHO, paHHel 6echou, Koedd Nnouyeéd He 3auuiyeHnd
pacmumenvrHocmuio. C KpymuiX CKIOHO8 edce200Ho mepsemcs nopaoka 10-20 m/za meepooti ghazvl noussi.
IIponuyaemocms noy8 uspaem 6adiNCHYIO poib 6 QOpMUposanuu 06vLeMo8 CMmoKa, Kax 6 ciyyae JueHetl, max u
Manwix 600.
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NOBEPXHOCIHbIIL CMOK; NOMEPU NOUYBbL, Cepdsl NIeCHAsl NOY8d; GbIUENIOUEHHbII YePHO3eM; ONOO301EHHbIL
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HUCTOPUYECKUE ACIHIEKTHI PA3SBUTHS MEJIMOPAIIAN 3EMEJIb B 3AIIATHOM
CUubUuPHu

© 2021 M.T. YcTuHoB, , H.B. Enmm3apos

@I'BYH Hucmumym nousogedenus u azpoxumuu CO PAH, npocnexm Axademuxa Jlaspenmoesa, 812,
2. Hosocubupck, 630090, Poccus. E-mail: ustinov@issa-siberia.ru

Ipuseden ucmopuueckuii 0030p HAYUHO-NPAKMUYECKUX MAMEPUALO8 NO  pa3pabomKe NPOEeKmos
menuopayuu noye 3anannoti Cubupu, nokazaHa HeoOXo0UMOCMb UX 21YO60K020 HAYUHO20 CONPOBOICOCHUSL.
Paccmampusaiomes memoovt  u - cnocobvl  060CHO6AHUS  NPOEKMOE  MEIUOPAYUU — MEPPUMOPUL,
paspabomanHvle KOLIEKMUBAMU UCCIe008ameNnell pasiuyHblx cneyuaivhocme: Mncmumyma noueosedenus
u aecpoxumuu CO PAH (CO AH CCCP), Ilougennoeo uncmumyma um. B.B. Jloxyuaeea, Bcepoccuiickoeo
HAYYHO-UCCIe008aAMENbCKO20 UHCmumyma 2euopomexuuxu u meauopayuu (BHUUT'uM) um. A. H.
Kocmsxosa.

Knwouegvie cnoea: menuopayus, 3anaonas Cubupv; nOUEEHHO-METUOPAMUBHAS KAPMA, MeIUOPaAMuUsHble
Meponpusmusi.

Humuposanue: Ycmunos M.T., , Enuszapos H.B. Hcmopuueckue achekmul paseumus Meauopayuu
semensv 6 3anaonoi Cubupu // Iousel u oxpyscarowas cpeda. 2021. Tom 4. Ne2. e143. doi: 10.31251/p0s.v4i2.143

Ha BcepoccuiickoM che3ie celbCKHX X03IUCTB, cocTosiBiieMcs: B Mockse 10-20 mekabpst 1895 .
0T TOKPOBUTENHCTBOM Bemmkoro kus3s Cepres AnekcanapoBuda PomaHoBa, OBITO MPHHATO pEIICHUE
00 opranu3zaiuu B 3ananHoii Cubupu bapaOuHCKO# CebCKOX03HCTBEHHON ONBITHON cTaHIuu. OMHaKO
e/IBa HauaBIllMecs MeTUopaTuBHbIE paboTel B bapabe Obutn mpuoctaHoBieHbI u3-3a [lepBoil MUPOBOIA
BOIHBI M mocnenosapiield OkTsOpbckoii peBomonnu (Macmos, 2005). Tomeko B 1929 r. mosBuiock
MepBOe HAyYHOE YUYPEXKICHHE M0 Menuopanuu 3emenb Cubupu — YOHWHCKasl ONBITHO-MEIHOPATUBHAS
CTaHIMS, paclojoXeHHas B 1,5 KM OT »eJle3HOM JAOporu y MCTOKOB KpymHoro Kapamysckoro kaHana,
nocrpoenHoro skcneauiuent .M. XXununckoro (puc. 1).

Pucynox 1. Kapany3ckuii MarucTpajibHbIi KaHaj (cineBa). Y OHHCKas ONbITHO-MEIMOPATHBHAS CTaHIIUS
(cnpasa). TunoBoe omnbiTHOE TIoJIe Y OuHCKOM OMC (11eHTp dortorpadun). Jata 31.08.2002 r.

W3-3a ciaouBIIErocs KOMILIEKCAa MPUPOIHBIX yciaoBui 3amagxas CuOuph mpeactaBiser co0oit
KpaliHe CJIOKHBIH paiioH, TpeOyromuii HayyHO OOOCHOBaHHBIX MEJMOPATUBHBIX MEPOIPHATUH 110
MOBBIIIICHUIO W CTaOWJIM3AalMM TUIOJOPOAMS IMOYB. B TPOTHMBHOM cCllydae BO3pPacTaeT PHUCK Pa3BUTHUS
HETaTUBHBIX W JIAXKE JIETPAJAIlMOHHBIX MPOIECCOB: MPOTPECCHPYIONIETO 3a00auuBaHNS U BTOPUIHOTO
3acolieHHsT B pe3yjbTaTe MOAbEMa MHUHEPAIM30BAHHBIX TPYHTOBBIX BOJ. [IpHpOIHO-MENHOpaTHBHBIC
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YCIIOBHUS TOYBOOOPA30BaHUS B PETHOHE UMEIOT IUKIHYHO-ITYILCUPYIONIHNA XapakTep ¢ YepeayrOIUMHCS
(dazamu 0OBOIHEHMS M apuUAW3alud, OOYCIOBIMBAIOUIMMHU TPOLECCH 3aCOJCHUS M PACCOICHUS
MOYBEHHOTO MPOQUIISL.

EcrectBeHHass mpeHHMpoBaHHOCTH 3amamHo-CHOMPCKOW paBHUHBI pasindHa, HO bapaOwHCKas u
Kynynaunckas HM3MEHHOCTH OTHOCSTCSA K CIAa0OAPCHUPOBAHHBIM TeppUTOpusAM. [myOuHa 3aneranus
MEpBOrO0 OT TMOBEPXHOCTU BOJIOYIOpPA 3/I€Ch CPaBHHUTENILHO HeBennka (1o 5—20 M), HaaBOAOYNOpPHBIE
TONMIMK OO0NamaroT NECTPHIM CIOXKEHHEM H OOBOAHEHHOCTHIO. Ilpm oOmemM paBHUHHOM penbede
naHmmadT UMEET CI0XKHOE CTPOCHUE — YePeJOBAHKE TPUB ¥ MEKTPUBHBIX IOHWKECHUH, 3a00JI0YEHHBIX U
03€PHO-00JIOTHBIX BRIPOBHEHHBIX TEPPUTOPUH.

Ouens ciokHas maneoreorpadudeckas HCTopus 3anmaaHo-CHOWPCKON paBHUHBI, TECTpOTa M
3aCOJICHHOCTh MATEPUHCKHX IMOPOJ], HEOJAWHAKOBBIN YPOBEHb 3aleTaHWs W MHUHEPAIH3aldsl TPYHTOBBIX
BOJl B COYETAHWM C YEPEAYIOUIMMHUCS LWKIAMH OOBOAHEHHOCTH U apHIM3alUW  ONpPEACIIHIN
(hopMHpOBaHUE OUEHD CIIOKHOTO TOYBEHHOTO OKPOBa. ABTOMOP(HBIE MTOUBHI pa30pocaHbl HEOOIBIINMHU
KOHTYpaMH 110 BEPIIHHAM I'PUB CPEIU MPEoOIaaalomuXx MOIyruapoMOpdHBIX U THAPOMOP(HBIX MOYB, B
Pa3IMYHON CTETeHU 3acOJICHHBIX WM 3a0onoveHHbIX. [IIMpoko pacmpocTpaHeHHBIE TUAPOMOPGHBIE U
HOJIyrI/IZIpOMOp(I)HBIe 3aCOJICHHBIC TIIOYBBI YaCTO HAXOAATCAd B PA3JIMUHBIX CTaAuAgX OCTCIHCHUA H
TpaHCHOPMHPYIOTCSI B aBTOMOP(QHBIC He3acoJieHHbIC. J[MarHOCTUPYIOTCS YEPHO3EMBI, COXPaHHBIIIHE
YepThl, MPUCYIIHE THIPOMOP(HBIM MOYBAM, TAKHE KAK OCTATOYHAsI COJIOHIEBATOCTh, 3aCOJNICHHOCTD,
PEJIMKTOBOE OCOJIOACHWUE WM aJUTIOBUAIbHBIE TOPU3OHTHL. ['€OXMMHYECKHH COCTaB MOYBOOOPA3YIOIINX
MOPOJI M TIOYB OYEHb CIIOXKCH, a HAIWYHe OSCCTOYHBIX 00NacTell 0OyCIOBIUBACT TepepacipeesicHie U
AKKyMYJISIIUIO COJIeH BHYTPU TeppUTOpUH (pHC. 2).

Pucynox 2. CiioxxHasi CTpyKTypa IMOYBEHHOTO ITOKPOBA: OT 3aCOJICHHBIX U COJIOHIIEBATHIX MOYB 10
JTyTOBO-UYEPHO3EMHBIX COJIOHIIEBATHIX. FOmuHCKmiA éc, 03. YaHk!.

OcBocHHE ¥ BHEIOPECHUE B CEILCKOXO3SWCTBCHHOE IPOM3BOJICTBO 3€MEIb CO CTOJNb CIOKHOM
nmaHAmAaGTHON MO3auKOH U TMOYBCHHO-MEIMOPATUBHBIMU KOMILIEKCAMM TIOJIYYHJIO TOCYJAapPCTBEHHYIO
MOUIEP)KKY B BUAE HAYYHOTO COIPOBOXKICHUS TMPOEKTOB Menuopaiwn. CorjacHo wuctopuorpadun
memmopaimu 1o b.C. Macnoy (2005), Bcnien 3a yupexieHueM Y OMHCKOM OTBITHO-MENMOPAaTUBHON CTaHIIMN
(YOMC), B OMckoM cellbCKOXO03siiicTBeHHOM HHCTHTYTe B 1930 1. ObUTO chopmupoBaHo «bapabOropoy.
VYyaensie Omckoro CXW u YOMC Benu uCCIieIoBaHUS TI0 THIPOJIIOTHH METMOPHUPYEMBIX 3eMeIb, OCBOCHHIO
3aCOJICHHBIX TI0YB W COJIOHIIOB, TEIUIOBOH MEJMOPAIlH, ITPOJOJDKABIIMECS BIDIOTH JO Benmkoi
OrteuectBeHHO# BoiHbL. B 1940 r. B HoBocuOupcke co3mana rpoekTHast opranusaius «bapadacTtporinpoeKTy
mon, pykoBoactBoM A.Jl. Ilamammamn. C 1942 r. mpoBOAMIOCH TTOYBCHHO-MEIMOPATHBHOE 0O0CIECIOBAHHUE
Kynnpanckoro 3atimuiia mutomiaapio 30 Thic. Ta ¢ menbio ero ocymienus. B ¢eppane 1945 r. CoBHapkom
CCCP npussi1 nocTaHoBieHHe «O MEpONpUATUSX MO Pa3BUTHIO KHUBOTHOBOJCTBA M CO3JAHUIO KOPMOBOM
0a3bl B Kojixo3ax bapaOuHckoit crermn HoBocuOupckoit o0iacTh», IpemycMaTpHBaroliee, B TOM 4HCIE,
AKTHBU3AIHIO MEITMOPATUBHBIX Pa0OT.
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B ampene 1947 1. 6p11a co3mana bapabuHCKas SKCIETUITNS, B COCTaBe KOTOPOH IJIST HCCIICIOBAHMS
MPOLIECCOB 3aCOJICHUS MOYB B PETMOHE HaMpaBisieTcs rpymmna yueHsix [louBenHoro uncrtutyta um. B.B.
HokyuaeBa. BriepBbie mouBsl bapaObl ctanu npegmMeToM riyOOKHUX UCCIEIOBaHUH.

Ha ocnoBe o0600menus marepuanoB YOMC u bapabunckoit sxcregurmuu B 1949 1. Obum
omyOnukoBanbl pekomenaanuun BHUWI UM no menuopaunu u ocBoeHHio 3emenb bapabel. B 1958 r.
BhIIIUIA KHUTa «MenropaTuBHbIe MeponpusaTus o HoBocuOupckoii 00macTi», rae pacCMOTPEH IHPOKUX
Kpyr BOIPOCOB TIO OCYyIIEHHIO 0010T bapaOuHCckol HU3MeHHOCTH, KymyHOWHCKOW CTenmW W 30HBI
[Ipno6ss, ymydineHuro TyroB W MAcTOWIN HA COJIOHIIAX M MPH JTUMAHHOM opomieHnu. OOOCHOBaHBI
paboThl MO BIArOHAKOIUICHUIO HA TMAllHE, CHE)KHOM MEIHOpAaIiH, PEeryJMpOBaHMIO 3aTOIUICHUS MONM U
OpOLICHUS AOKICBAHHEM, a TaKXKe CEeIbCKOXO35ICTBEHHOMY BOJOCHAOXEHHIO U THIAPOMEIHOPALHH,
WCTIOJIb30BaHHIO TOP(MSHBIX pecypcoB. OTH 0000MIEHHBIE PEKOMEHJAINH Ha OCHOBE JIOKATBHBIX OIMBITOB
HE MO3BOJISUTH B MTOJTHOM Mepe ONTUMH3HPOBAThH MOYBEHHO-MENNOPATHBHBIC TIPOLIECCHI, CIOCOOCTBYIOIINE
YBEITMUEHUIO M COXPAHEHHUIO IUIOJOPOAMS IOYB, HO TEM HE MEHee MOMOIJIM 3HAYUTEIbHO YBEIUYHTH
3¢ (HEeKTUBHOCTD CENbCKOX03IHCTBEHHOTO MTPOU3BOICTBA.

Axanemuk PAH B.C. Macnos (2005) cripaBe/yTMBO OTMETHJI, YTO OCYIICHHE U OCBOCHHE 3eMelb B
40-50 roapr XX cTOJETHS IPOBOJAMIOCH SKCTCHCUBHO, METOJIOM «IP00 U OIIMOOK» U3-32 CPABHUTEIHLHO
HHU3KOTO YPOBHS KyJbTYpHI 3eMJICEINS, OAHAKO BCE 3aTpayeHHbIe pecypchl ceOs onpaBaanu. Ho yxe B
TO BpeMs OBUIO SICHO, YTO Ml APPEKTUBHOTO 3eMIIETIOIB30BAHUS HEOOXOIUMBI HAYyYHO 00OCHOBaHHBIC
TEXHOJIOTHH U METHOPATHBHBIC MEPOIIPHSATHSL.

C wmatickoro (1966) Ilnenyma LUK KIICC wu IlocranoBnenuss CoetoB Mununctpos CCCP ot 2
okTsiOpst 1972 1. «O panpHEWIIeM YCWICHHH pPa0OT 10 MENHOpallii 3eMelnb M YIy4IIeHUH
WCIIOJIb30BaHMsl OpOLIAEMBIX U OCYIICHHBIX 3€MeJIb» Hadajcsl IMEPHUOJl aKTHBHOTO BO3POXKICHUS H
nmoabeMa MEJHMOpaluu 1Mo Bcell ctpaHe W B 3amagHoi CuOupu B uactHocTd. [IpaBUTENHCTBO
MIPOBO3IJIACHIIO JIO3YHT: «B IIMPOKOM pa3BUTHH MeTHOpaLuH — OyayIiee CeIbCKOro X035MCTBay.

B 1967 r. Hauanm CBOIO NPOU3BOJACTBEHHYI nesaTenbHOCTh DPIYII «3Banamgno-Cubupckuit
TOCYIapCTBEHHBIH HHCTUTYT 10 TIPOCKTUPOBAHHUIO BOJOXO3SHCTBEHHOIO U  MEJIHOPAaTHBHOTO
cTpoutenscTBay  (3ancuOrunpoBoaxo3). K pemeHnio HaydHBIX MpoOJieM aKTHBHO MPUBJICKAIH
CHEUMAIMCTOB Pa3IMYHBIX HAYYHBIX yupeskaeHuil: MHctutyta nmousoBenenus u arpoxumun (UIIA) CO
AH CCCP (r. HoBocubupck), uactutryro CO BACXHUII (p.ni. Kpacuooock, HoBocubupckast 001.) u
Cu6HUNT'uM Munpoaxosza CCCP (r. KpacHosipck).

Cornacao «CxeMme pailoHupoBanusi BUI0B menuopanuu no 3oHaM PCOCP B nensix MOBBILIEHUS
MPOJYKTHBHOCTH 3eMIIM M 3()(HEKTUBHOTO HCIIONB30BAHUS KANHUTAIBHBIX BIIOKEHHI», COCTaBICHHOM
Mungoaxo3om PCDCP, Ha 01.11.1985 r. oOmumii GoH 3eMenb, HYKIAIOIMIMXCSA B THAPOMEIHOPAIIHSIX,
cocTaBIsuT 58,9 MITH ra, B TOM 4rcie 52 MITH ra (GOHJ] peryJIspHOTO OpolieHwus, 1,2 MJIH ra — JUMaHHOTO,
57 MiH ra — ocymeHus. MenuopatuBHbeI (QOHI ONpeAETsUICS, B OCHOBHOM, B TIpaHHLAX
CEJIbCKOXO3SIMCTBeHHBIX yroauid. [lomoBuHa QoHma ocymeHus paszMmemanach B 3ananHo-CuOupckom
9KOHOMHYECKOM paiione, 20% — Ha Tepputopun Boctouno-Cubupckoro u 12,5% — B Sxyrckoit ACCP.
ITo skoHOMHuYECKMM paiioHaM (OHJ OpOLICHUS pacHpedessuics CcleylomuM oOpa3oMm: B 3amagHo-
CubupckomM pariore — 30% 3emens, Ypainbckom — 16%, Bocrouno-Cubupckom — 9%.

Bonbiiass 4Wacth TeppuTOpHMI JIMMAHHOTO OpPONICHHsI Haxoawiach B 3anagHo-CHOHPCKOM
sKoHOMHYeckoM paiioHe u Skyrckot ACCP. Ilnomans COJOHLOB UM COJIOHUEBATHIX IOYB,
XapaKTePU3YIONIMXCSl HU3KAM ECTECTBEHHOM IUIOJIOPOJMEM H  TUIOXUMH  (PH3HKO-XUMHUYECKUMHU
CBOIiCTBaMH, 3aHMUMaIIa B 30HE AesTenbHocTH MuaBoax03a PCOCP 14,2 mitH ra, apean pacnpocTpaHeHus
TaKux cenpxo3yrojauil B 3anaaHoii CuOupu mocTuran 7 MIIH ra. 3HaYUTEIbHBIE IJIOMAAN B 3armagHon
Cubupu 3aHuMali KUCHble TO4BBl — 2,7 MiH ra. HauOonee 3¢ ¢eKTHBHBIM ¢ 3KOHOMHUYECKOW TOYKH
3peHus BUAOM Menuopaiyy B 3amagHo-CuOupcKoM pernoHe Mpu3HaBaId OPOIICHHE.

[lepBoe crenmanM3MpOBaHHOE, METOJOJIOTMYECKH OOOCHOBAaHHOE HAYYHOE COIMPOBOXKICHHE MPOCKTA
MEJHOpaLy 3eMenb ObUIo pa3padoTaHo B 1973 . 1 TEXHUKO-3KOHOMUYECKOT'O JI0KJIa/1a M0 METMOPATUBHBIM
MepornpusaTisiM B HoBocrOupckoii oomacti. HaydHbMu coTpyiHukamu stabopartopun Menroparuy nous UITA
CO AH CCCP u nousosenamu OI'VIT «3amcuorumposomxos» (X.X. Mereck, M.C. ®omunex, M.T. YcTrHOB,
HI. TumodeeBa, mox pyKOBOICTBOM M TPHU HEMOCPEICTBEHHOM YYacTUHM 3aBEAYIOIIEro JabopaTopuu
memmoparu mouB UITA n.6.H. I1.C. Ilanuna) ObuM cocTaBeHbl TIOYBEHHO-MEIMOPATUBHAS KapTa U KapTa
MenmmopaTuBHBIX MeporpuaTaid (1:500 000). OcHOBO# Wi yKa3aHHBIX KapT mociyxkwia llouBeHHas kapra
HoBocubupckoii obnacty, uznanHas B 1963 r. B macirabe 1:400000 moy penakmueii n.c.-x.H. P.B. KoBarnesa.
Beum  pa3paboTaHbl KOMIUIEKCHI MEPOIPHSATHHA, BBIYMCICHBI IUIOIAAW 3€MeNb, MOJJIEKAIIIX
MEJHOpalyy, M JaHO paclpelesieHne MEIHOpPATUBHBIX KaTeropuil 3eMeib 10 00JacTH, OO0BeIUHEHBI
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MOYBBI OJHOTHUITHBIX JIAHAMA(PTOB, OJIM3KUX MEXIY COOOU MO CEThCKOXO3SHCTBEHHOMY JOCTOMHCTBY M
xapaktepy HeoOxomumoiri wmenuoparuu (ITanuH, Meneck, 1978). ABTOpaMu OXapakTepU30BaHbBI
YKPYIHEHHBIE KaYeCTBCHHBIC CIMHMIIBI TIOYBCHHOTO TOKPOBa, KOTOpbhIe 0003HAUYMIM HHIeKkcamu: 1 —
30HABHBIE aBTOMOP(HBIE MaXOTHOMPHUTOAHbIe MOYBB; C — IMOYBHI COJIOHIIEBATHIX KOMIDIEKCOB; K —
KOMILJIEKCHI JIYTOBBIX, B Pa3HOM CTEMEHU 3aCOJICHHBIX U COJIOHIIEBATHIX MOUB; b — KOMIUIEKC MOCTOSHHO
MEPEYBIAKHEHHBIX U 3200JIOYEHHBIX OTOP(POBAHHBIX MOYB U TOPPSIHHUKOB; JI — KOMILJICKC JYTOBBIX,
TyroBo-00MOTHRIX W aumoBHanbHbIX mouB. Kareropum JI, b, C m K cocraBunmm ocHOBHOU
MennopatuBHbIi Qo 3emens HoBocubupcekoii odmactu (puc. 3).
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Pucynok 3. YcioBable 0003Ha4CHUS IOYBEHHO-MEIMOPATUBHBIX KOMIUIEKCOB Ha KapTe, 1973 .

B cooTBeTcTBUU C KPYNHBIMH Ka4yeCTBCHHBIMH €IWHHUIIAMH TOYBEHHOTO IMOKPOBAa HAa OCHOBE
CIIOKHBIX  JaHAWA(PTOB, BHIPAKEHHBIX B KaTeropuu, OBUIM PEKOMEHAOBaHBl CXEMaTHYHBIE
MEJINOPATUBHBIE MEPOIIPUSATHS:

1 — ceTh COPOCHBIX KOJUIEKTOPOR 110 3a00JI0YCHHOM paBHUHE;

2 — perynmpyemMoe OCyIIeHHE;

3 — cOpoc BpeMEHHO M30BITOYHBIX TIOBEPXHOCTHBIX BOJ;

4 — KOMIUIEKC METHOPATHUBHBIX MEPOIPUSATHIA B PEUHBIX JIOJMHAX;

5 — 3emJienienue 6e3 MeIHOpaIiy TI0YB;

6 — opolIeHNE TAXOTHONPUTOJHBIX 3€MEIb;

7 — KOMIIJIEKC MEJIMOPATUBHBIX MEPONPHUATUHN B YCIOBUSAX TPUBHOIOXKOMHHOTO penbeda;

8 — perynupyemoe ocylieHHe 3aCOJICHHBIX TTePEYBIIAKHEHHBIX 3€MEITh;

9-12 — Menuopanus COJIOHIIOB;

13 — 3anmy»xeHue yBIaKHEHHBIX 3aCOJICHHBIX 3€MeJIb COJICYCTOMYMBBIMHU BUAAMH TPAB;

14 — TeppuTOopHH, Ha KOTOPBIX MEIHOPATHBHBIC MEPONPHUSATHS IPOBOJUTH SKOHOMHUYECKH
HEIeJIeC000pasHo.

Briepeeie Obia mpoBeieHa HAay4HO OOOCHOBaHHAs OLEHKA IOYBEHHOIO IIOKPOBA C YYETOM €ro
MEJMOPATUBHEIX OCOOEGHHOCTEH JUISI TPOEKTa-CXEMbl MENHOpallid  3eMellb W BOJIOXO3SCTBEHHOTO
o0yctpoticTBa Teppuropud HoBoCHOMPCKOH 001aCTH Ha OJNVDKAMIIYIO U OTHAICHHYIO repcrekTuBy (10 2000
r.). BbisiBieHHbIE MenMOpaTHBHBIE OCOOCHHOCTH JaHAWA(PTOB M HMX IOYBEHHOI'O IIOKpOBa B
HoBocuOupckoii obnactu crani oCHOBOW JUId AanbHeimeil pa3paboTKu METOJ0IOIHYECKUX MOJXO0/I0B B
cdepe HaydyHOTO COMPOBOXKCHHUS IIPOCKTOB MEJIMOPAIINH 3eMEJTb.

B 1979 — nauane 1980 roma ans pa3paOOTKH OCHOBHBIX MOJIOKEHHH «TeXHHKO-3KOHOMHUYECKOTO
obocHoBanus (TD0) mepeOpocku YacTH CTOKa CHOMPCKHX PeK B OacceilH ApaibCKOro Mops» Oblia
IIpOBE/lEHa MEJIHOpAaTHBHAs OLIGHKAa IPUPOAHBIX YCJIOBMHM, B TOM 4YHCIE II0YBEHHOIO IIOKpPOBa
Horocubupckoii 1 KeMepoBckoii o0acTeil, COCTaBIICHbI KapTa MEJIMOPATUBHBIX rpynnupoBok (M 1: 500
000) 1 kapTa METHOPATUBHBIX KATETOPHH.
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B ocHOBy paboThl monokeHsl MeTonudeckue pekomeHpanuu [louBeHHoro mHcTHTYyTa WM. B.B.
HoxyuaeBa, a uMeHHO «Jlerenna KapThl MOYBEHHO-MEIHOPATHBHBIX T'PYIIHPOBOK 3€MENb CPEAHETO
peruona B wmacmradbe 1:1000000», paspaboTanHast Ui CXEMaTHYECKOH OLEHKH TEPPUTOPHH Ha
HYXJAa€MOCTb B  CEJIbCKOXO3SMCTBEHHOM  Menuopanuu. IIpoeKT  BBIIONHEH  CHELUAINCTaMHU
«3ancuorunpoBoaxo3» coBMecTHo ¢ coTpyanukamu MITA CO AH CCCP ¢ y4eToM permoHabHBIX
0coOeHHOCTeHd MOYBEHHOTO MOKpoBa. B mepedeHs HanOonee 3HAYUMBIX JTUMUTHPYIOUIMX (aKTOPOB,
OINPENEJIAIONINX MEJIHOPAaTUBHbIE CBOMCTBAa II04YB, OBUIM BKIIIOYEHBl JIPEHUPOBAHHOCTh, penbed,
3aCOJICHHE,  COJIOHLIEBATOCTb, TOKCHYECKAasl  INEJIOYHOCTh  IOYB, IEPEyBIAXHEHHE,  HHU3Kas
BOJIONIPOHUIIAEMOCTh MOJACTHIAONMX TMopoA. KomriekcHass oOleHKa IOYB IpPOBEAEHa C Yy4YeTOM
THIPOT€OJOrMUECKUX, WHKEHEPHO-TEOJIOIMYECKUX, T€000TaHMUECKUX, F€OMOP(OIOTHIECKUX U APYTHX
IPUPOAHBIX YCIOBHH, YTO IOCIYXXHJIO HOBBIM 3TallOM AETAJN3alMM MEIHOPATHUBHBIX OCOOCHHOCTEH
MOYBEHHOTO NOKpoBa 3ananHoi Cubupu.

Ha cnenmansnom Beecoro3HOM KOOpAMHAIIMOHHOM COBEIIAHUM, poBeAeHHOM 21-23 anpens 1981
r. B T. [Tynmno (MockoBckasi 00:1acTh) HaydHBIM COBETOM I10 MPoOJeMaM MOYBOBEICHUS H METHOPAIIHU
noyB, Oblla JlaHa OIICHKA W3MEHEHUS TOYBEHHO-MEIHOPATUBHOTO COCTOSHHS TEPPUTOPUI B 30HE
BIMSHUS TIepepacrpeliesieHnss cToka. B pabore coBemanuss mnpuHsian ywactie 80 dYenoBek —
npencraBuTenu 23 opranmsanuii, B Tom gucie UITA CO AH CCCP (I1.C. [1anun, B.I1. ITaadumos, 1.H.
YrianoB), «3ancudrunpoBoaxo3» (M.T. YcruHOB) U ap. Beimn mpencTaBieHbl JOKIAIBl OpraHU3aIlHii-
WCTIOJIHUTENICH U JOKJIA MPeJCTaBUTENsl HAy9HOTO COBETA MO MpoOiieMaM MMOYBOBECHUS U MEJINOPALIUN
nous, uwieHa-koppecnonaeHta AH CCCP B.A. Kognpl.

Ilo pesynpratam oOCyxaeHui BbIHECeHO mocTtaHoBienue: «lIpocuts ... UIIA CO AH CCCP
COBMECTHO C COOTBETCTBYIOIIMMH moapasaencHusMu MunBoaxoza CCCP paspaborate mporpammel
MIPOBEJICHUS] KOMIUIEKCHBIX HMCCJIEOBaHMM Ha ONBITHO-TIPOM3BOJACTBEHHBIX YydacTkax. Cuurtarh
00s13aTeTbHBIMH 3JIEMEHTAMU 3TOW MPOrpaMMbl COCTaBIICHHE KPYIMHOMACIITAOHBIX THIPOTEOJIOrHYECKUX
(M 1:50 000) u mousenHo-mMenmuopaTuBHbIX (M 1:5000-1:10000) xapT. PekomeH10BaTh OpraHu3ausIM-
WCIIOJTHUTENSAM IIPU U3YUEHUU MEIMOPATUBHOTO COCTOSHUS TEPPUTOPHM pyKoBoAcTBOBaThCs «llepeunem
MEJIMOPATUBHBIX NPU3HAKOB IOYB JUIA IIeJied opomeHus u OopbObl ¢ 3aconeHuem» u «llepeunem
MEJIMOPATUBHBIX NPU3HAKOB CBOMCTB M MPOLECCOB MEP3JIOTHBIX M JAJIMTEIBHO-CE30HHO-MEP3JIOTHBIX
TIOYB IS IIeJiel OCyIIeHus, OpOIIeHH M ocBoeHUs». [10 pe3ynbpratamM MpOBEAEHHBIX U3BICKAaHUI MPOEKT
He moiyyms moanepkku u mnocraHoBieHueM llomurOropo LK KIICC 1986 r. pemieHO NpekpaTuTh
JanpHenme padoThl.

Benen 3a «IIpoekToM TEXHUKO-3KOHOMHUYECKOTO O0OCHOBaHHS MEpeOPOCKU YacTH CTOKa CHOMPCKUX
pek B OacceitH Apajibckoro mopsi, 1979», mocnenoBan He MeHee TPaHIUO3HBIN MPoeKT — «CxeMa pa3BUTHS
Mmenuopaimu 1 BoxHoro xossiictBa CCCP na mepuon go 2000 r.», TpeOyrommil ycOBEpILIEHCTBOBAaHUS
METOANYECKUX MOAXOIOB K H3YYEHHIO MEIMOPAaTHBHOro ()oHAa 3eMeNb, U B TOM YHCIE JETalM3aliu
TIOYBEHHO-METMOPATUBHBIX HccieoBannil. C y4eToM 3TOro, Uil BBIAEIEHHS MOYBEHHO-MEIMOPATUBHON
TPYHIHUPOBKH 3eMenb Kak B esiom a1 CCCP, tak u 1yt HoBocubupcekoii 00siacTi B 4aCTHOCTH, TIPEIJIOKEHA
pacuerHass wmoxens (Meromuueckne ykazaHus..., 1982). PaspaOoraHHas Monenp TpeaycMaTpuBalia
MPOBEJICHUE TOYBECHHO-MEJTHOPATUBHON OIEHKH M0 5-0a/UThHOW IIKAJIe OTACIBHO IO KaKIOMY CBOWCTBY
TIOYBEI, TpeOyromeMy yimydimeHnsi. CyMMa YacTHBIX TIOUYBEHHO-MENTHOPATUBHBIX OIICHOK BBISIBIISUIA TIOYBEHHO-
MENMOPATUBHYIO IPYIITy, OTpa)kasi CyYMMapHYIO OLIEHKY «TPYJO0EMKOCTH» MEINOPATUBHOIO YIIYUIIEHHS MT0YB,
HE3aBHUCHMO OT TOT0, KAKMMH KOHKPETHBIMU CBOMCTBAMHU OHa BBI3BIBACTCS W 0003HAYACTCS OOIIMM MOYBEHHO-
MEJIMOPATHBHBIM HHIEKCOM.

B 1983 r. B TeCHOM COpy>KECTBE TIOYBOBENIOB «3aricHOrumpoBoaxo3» ¢ corpyaaukamu UIMA CO AH
CCCP 65110 pazpadorano «IIpupoano-mMenmoparuBHble paioHupoBanre HoBocnOMpckoit 06:1acTH ¢ TOYBEHHO-
MEJIMOPAaTHBHBIM O0OCHOBaHHEM», KOTOPOE OBLIO BO MHOTOM CXEMAaTHYHO W B JaJbHEHIEM MOTpeOOBajio
nopabotku (I"apkues, Ycruaos, 2001).

Ha ocnoBe nmannbix matepuanoB 1982-1983 rr. Okrsa0peckuii [Inenym LIK KIICC (1984) Brmounin
MPOEKT «YBenmumueHne BOAHOCTH pekn Kapacyk m o3epa YaHel» B mepedeHb NEpPBOOYEPETHBIX OOHEKTOB
menmopaii Ha XII mATHIeTKY. DTOMY pElIeHHI0 CIIOCOOCTBOBAIM OONIMPHBIC HATYPHBIE WCCIIEIOBAHMUS
PETHOHAIBHBIX MPUPOTHO-MEIMOPATUBHBIX YCIOBHM, B TOM YHCIE CTPYKTYpbl ITOYBEHHOIO MOKpPOBA W, B
YaCTHOCTH, JETATHHOTO HM3y4YeHHs] MECTHBIX 4epHO3eMOB. B passurtme 3toro pemrenust 11 despans 1986 .
6su10 ipuHSTO IloctanoBnerne Coera MunmnctpoB CCCP Ne 207 «O mepax IO CTPOUTEILCTBY OOBEKTOB
Juis mofaun Boxsl U3 peku O0b B pexy Kapacyk m o3epo UaHbl», KOTOpEIM mpeaycMaTpuBaiocs B 1987 T.
3aKOHYHUTH Pa3pabOTKy MPOEKTa MEPBOM OYepein CTPOUTENHCTBA U HAYaTh €0 PeaTU3aliio. JTO ObUT OJMH
U3 CaMbIX CIIOPHBIX, HO U HauOoJIee TIIATENBHO POPaO0TaHHBIX MEIMOPATUBHBIX IIPOEKTOB.
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IOxnpie paitonsr HoBocmOupckoit obmactm, TsroTeromme K Oacceliny pekn Kapacyk,
XapaKkTepu3yloTcsl 00jee HHTEHCUBHBIM HCIIONIB30BAaHUEM CEIbCKOXO03SHCTBEHHBIX YTOJUi, YeM B IIEJIOM
no obnactu. Tak, yAenbHBIM Bec MAIlHU B COCTaBE CENBbXO3YTrOJUM B CPEIHEM MO OOJACTH COCTaBISET
32%, a mo rokHBIM paiioHaM moxomuT a0 48%. BeposTHOCTs 3acyx B 3TuX paioHax mpesbimaer 70%.
Crabunmzanus U JanpHeuas MHTeHCH(OUKALHS arpONPOMBIIIIEHHOTO KOMIUIEKCa — OCHOBHOM OTpPaciin
HApOJIHOTO XO3AHCTBa 3TOH 30HBI — MOXKET OBITh NMPOW3BEACHA TOJBKO B YCIOBHAX JOCTaTOYHOTO
YBIOKHEHHSI, KOTOPOE MOXET OBITh 00eCHedeHO TOJNBKO MPH YCIOBHUH HCIIONB30BAHUS OPOCHTEIHHBIX
Memropanuii. OTCyTCTBHE B [IOCTaTOYHOM KOJHYECTBE MECTHBIX HMCTOYHHUKOB TIOBEPXHOCTHBIX U
MOJ3EMHBIX BOJ U Pa3BUTHs OPOILICHMS BBI3BIBAET HEOOXOAMMOCTH MpHBIeUeHHs Box peku OOb. B
COOTBETCTBHH C IIPOEKTOM « Y BelnmdeHne BOAHOCTH peknu Kapacyk...» Ha 6a3e oOckoif BOoJsI B Oacceiine
peku Kapacyk u BIOdh TpakTa BOIOMOAAYN MpPEIaraioch OpOCUTh 63 ThHIC. Ta CEIhCKOXO03SHCTBEHHBIX
yroauii (1 ouepens) (IIpoekr ..., 1988), u3 Hux 70-80% — uepHO3eMbI (30HA YEPHO3EMHBIX TIOYB FOTO-
BOCTOYHOH yacTi O0b-MpThIlIcKoro Mexaypeubs (puc. 4).

Puc 2. Cxema BOAOXOIRACTBEHHOM KOMNNEKCa «YBenuyeHre BOAHOCTH pexn Kapacyxs»

YcnosHbie 0603Hajvenns
. Mnowaam opowesms (63 Teic. ra) @ PaionHbie UeHTpsl

@ Tpawcexr«arena ' ObnacrHbie UeHTps!

Pucynok 4. Cxema BOJOXO3SIIICTBEHHOT0 KOMITJIEKCa «Y BelIMdeHne BOIHOCTH peku Kapacyk».

B npouecce o6cyxaenns npoekra «OOOCHOBBIBAIOLINE MaTEpUANIbl YBEIUYCHUS] BOIHOCTH PEKH
Kapacyk» B HaydHOM cOOOINECTBE pa3BEepHYJach OXHBICHHAs TUCKYCCHS O HEraTUBHOM BIHMSIHUU
opolIeHUs Ha 4YepHO3eMbl. [loaTomy ansi OoOCYXKIEHHs I[IEHTPAILHOTO 3BEHA B IPOEKTE — BOMpOCca
BO3MOXKHOCTHU U 11€7IeCO00pa3HOCTH OpolIeHHs YepHo3eMoB 3ananHoid Cubupu — 17 mapta 1983 r. 6110
npoBeneHo crennanbHoe copemanue [Ipesunnyma CO AH CCCP moj mpencenaTebCTBOM akajeMuKa
B.A. Kontrora, Ha 3acemaHum KOTOpOoro ¢ AokigagoMm BeicTymui aupektop MIIA CO AH CCCP
npodeccop P.B. Kosanes. Ilo pe3ynsraTam 3aceqanus MuHuCTpy Mernopanuu 1 BogHoro xossiicrea CCCP
H.®. BacunbeBy ObuH HampaBJieHBI MPEIUIOKEHHS 110 MCTIOIb30BAHUIO 3aaJHOCHOMPCKUX YEPHO3EMOB KaK
o0BrekTa opomreHus, 3aBeperHsle mnpencematerem CO AH CCCP akamemmkom B.A. KomTrorom u
npezcenarenem CO BACXHWIT akanemuikom T1.JI. T'oHuapoBsiM (puc. 5), B KOTOPBIX OBLIO JaHO JETAITBHOES
000CHOBaHME HUX OpoUIeHUS. B 3THX mnpemiokeHUsx OBUIM YYTEHBl MaclITa0bl MPOEKTUPOBAHUS
CTPOMTENILCTBA M BBOJIA B JKCILUIyaTal[MI0 OPOCUTEIBHBIX CUCTEM Ha TeppuTopuu 3ananHo-CuOupckoi
PaBHUHBL; OBLIO TPEIIOKEHO YACTUTh 0c000e BHUMaHHE pa3pabdOTKE HOBBIX M YCOBEPIICHCTBOBAHUIO
M3BECTHBIX CIIOCOOOB PallMOHAIBHOTO MCIIONB30BAHUS U OXPaHbl YepHO3eMOB Ha (oHE oporieHus. bruto
OTMEUYEHO, YTO IMIHUPOKOE MPUMEHEHHE OPOCHTENBHBIX MEIUOpaIii YEpHO3EMOB B €BPONEHCKON 4acTH
Coserckoro Coro3a MpHUBENO K PE3KOMY YXYIIICHUIO WX CBOWCTB M CHIXKEHHIO Iiogopoausi. [lostomy
cienyer ocodoe BHUMAHHE YAEJSATh HETAaTHBHBIM IPOLECCaM, BOSHUKAIOUIMM B PE3YJIbTaTe OPOLICHUS
yepHO3eMoOB 3amafgHoil CHOHMpH, OTIMYAIOIIUXCS OT €BPOICHCKHX aHAIOTOB 3HAYMTENBHO XYALINMHU
arpoMeIMOpaTUBHBIMU  KadecTBaMH. HeoOXoauMo  4YeTKO  pasTpaHH4YMBaTh  BHYTPH30HAIBHBIC
O0COOCHHOCTH COBPEMEHHOTO arpoMeIHOPATUBHOTO COCTOSIHUSI CHOMPCKHX UYEPHO3EMOB, OIICHHTH
XapakTep BO3MOXKHBIX M3MEHEHMH MX CBOMCTB IpPH IIHPOKOM BOBJEYEHHH B OPOIIAEMOE 3EMIIENIEIHE.
HeonHopoaHOCT,  HOYBEHHO-MEIMOPATHBHBIX  YCIOBUIl uepHO3eMHOW 30HbI CuOuUpH AUKTYyeT
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HE0OX0oaMMOCTh  AU(GEPSHIIMPOBAHHOTO TIOIX0a K MCIHOJB30BAHMIO UYEPHO3EMOB Kak OOBEKTa
opomrenusi. Ha cesepe Kynynaunckodh u IIpuupThInickoll paBHUHAX Ui OpraHHW3allMd WHTCHCHBHOTO
KOPMOTIPOM3BOJICTBA 11€JI€CO00pa3HO pEryJsipHOE, CTPOTO0 HOPMHUPOBAHHOE OPOILEHHE OTAEIBbHBIX
MacCHBOB 4YEpPHO3EMOB, HMMECIONIMX JIETKUX MEXaHWYEeCKHUH COCTaB U JIOCTATOYHYIO ECTECTBEHHYIO
npenupoBanHocTh. Ha IIprobckoM 1iaTo 1HenecooOpa3sHO pEryisapHOE OpOLICHHWE OTAEIBHBIX
JIPCHUPOBAHHBIX MAaCCHBOB UYCPHO3EMOB JUIS BBIPAIIMBAHUS KOPMOBBIX U OBOIIHBIX KyIbTyp. B memsx
OOpBOBI C WPPHUTAITMOHHON dPO3MEH HEOOXOIWMO CTPOToe COOJIONCHUE ITOJIMBHBIX HOPM M PEKHMOB
opomienus. Cpeid IpoYero Mpeiaraioch MPOJIOJIKHTE IITyOOKHE SKCIEPUMEHTAITBHBIC H TEOPETHUECKHUE
UCCJICJIOBaHUS YyepHO3eMOB 3amanHoii CuOupu Ha (OHE OPOIICHUS U CO3JaTh JJIS 3TOro 1—2 OMBITHO-
IKCTIEPHUMEHTANILHBIX CTAlMOHApa B KaXKIOW W3 yKa3aHHBIX 30H, a Takke 2—3 JKCIEepUMEHTANbHBIC
OpOCHUTEILHBIC CUCTEMBI.

I5001-09-1255
0I.09.83 Mieozxos CCCP

107139, Mocksa, OpiuxoB mep., 5

Hanpanus
TOPHX IPOG
NOACOTOBJNEHa IHMpe
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WaFHOro H 00C k
yuacmien crnemzamicToB CO BACK
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Pucynok 5. 3anucka «lIpeanoxeHus Mo UCHOIb30BaHUIO YepHO3eMOB 3anaaHo-CuOupCcKoi paBHUHBI
KaK 00BEKTOB OPOILICHHSD)

YroObl pa3pemuTh MPOTHBOPEUHsI M BBIPA0OTATh CTPATETHIO IO COBEPIICHCTBOBAHHIO HAYYHBIX
OCHOB 3eMJICZIETIHSI C YYETOM 30HAJIbHBIX CBOIMCTB M peXXHMOB 104B, B T. Onecce 8—13 centsops 1983 r.
obut0 mpoBeneHo Bceecorosnoe coemanne «llnomoponue uepHO3eMOB B CBSI3M C MHTEHCHU(HUKALUEH HX
ucnoas3oBanus». Ot UTTA CO AH CCCP yuacteoBanu B.I1. [Tanduios, I.®. Komocos, T.®. 3aiiiesa,
AM. Ikapy6a, ot «3amncubrumpoBoaxo3» M.T. YerunoB. OcHOBoIONararmuye pemeHus TaHHOTO
COBCINAaHUS: HA HOKHBIX depHo3emax Ykpaunbl, [loBomkbs, Kazaxcrana m 3amamnoit Cubupu, r/e
HEIOCTAaTOK MPOAYKTHBHOW Bard HanOoyiee BHICOKMH M MMEIOTCSI IPUPOIHBIE 3arachl BOJBI XOPOILIETO
Ka4yecTBa, CUCTEMATHYECKOEC OPOIICHHWE OCTAeTCS OJHHM M3 OCHOBHBIX CPEJICTB, OOECIIEUMBAIOIIMX
KOMIIEHCAIMIO JeHINTa TOYBEHHON BJard M MOJXYyYeHHUs] CTa0MIIBHBIX YPO’KaeB, OCOOEHHO KOPMOBBIX
KyJNbTyp. BBI3BIBaCT TPEBOTY HCIOJB30BAaHHE MJIS IOJIMBA YEPHO3EMOB IIEIOYHBIX M HEUTPATbHBIX
c1abOMUHEpan30BaHHBIX BOA (1-3 T/ ¢ MOBBIIEHHBIM COZICPIKaHUEM CYIL(ATOB U XJIOPUIOB HATPHS).
[Mon BnmMsHWEM OTHX BOJ XUMHUYECKHE W (DU3WYECKHE CBONCTBA MMOYB M3MEHSUINCh B CTOPOHY
OCOJIOHLICBAHMS, OLIENAuYMBAaHUs, AC3MHTETPALUN CTPYKTYpPBI, MOTEPH OOMEHHOIO KalbLUs M 3alacoB
rymyca v ((OpMHUPOBAHHUIO IPHU3HAKOB OCOJIOAEIIOTO COTOHIIAY.

HecmoTpss Ha OOIIMpPHYIO OTEYECTBEHHYIO U 3apyOCKHYIO JINTEpaTypy IO OIEHKE KadecTBa
MOJIMBHOW BOJBl W BIUSHHUIO BOJI Pa3IMYHOTO COCTaBa HAa IUIOAOPOAME IOYB H TMPOTYKTHBHOCTH
pacteHuii, He OBUIO BBIPAOOTaHO €IWHOE MHEHHE IO 3THM BOIPOCaM W E€IWHBIH NPUHLUI OLCHKU
KayecTBa TOJHMBHON BOJBL. JTO OOBICHSETCS MPEXKAE BCETO OTCYTCTBHEM KOMIUIEKCHOW IMOYBEHHO-
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MEJTHOPATUBHON OIIEHKH MPUTOTHOCTH BOJBI IJIs1 OpOIIeHUsI. BO3MOXKHOCTE PUMEHEHHS OPOCHUTEIBHBIX
MeJopanuii HeoOXOAWMO pPaccMaTpuBaTh IO KOMILIEKCY CIENYIOIIMX IIOKa3aTelie: XUMHUYECKOMY
COCTaBy OPOCHTENBHBIX BOJ, COJICYCTOHYMBOCTH CEJIbCKOXO3SMCTBEHHBIX KYJIbTYp, CBOWCTBAM U
peXHMaM II0YB, MEIHOPATUBHOMY COCTOSTHAIO OPOIIA€MBIX 3eMelb, a TaKKe€ MMEIOIIECHCS TEeXHUKH U
UCIIOJIb3YEeMOM TEXHOJIOTHH OPOLICHHUS.

[louennomy wuHcTUTYTY ®M. B.B. [lokyuaeBa (ronoBHas opranmzauusi) u HHCTUTYTY
nouBoBesieHns u arpoxumunn CO AH CCCP 6sp10 mopyueHo B cpok g0 1 saBapst 1987 1. «3aBepmnth
pa3paboTKy KOMILIEKCHOW MPOTpaMMbl HCCIIeIOBAaHUHA IO PAIMOHAIFHOMY HCIOJIB30BAHHUIO OPOIIAEMBIX
Y HEOpOIIaeMbIX YepHO3EMOB, TIOBBILICHUIO UX IUIOJOPOANS B YCIOBHUAX HHTCHCUBHOTO HCIIOJIH30BAHUSMY.

Jnst 060CHOBaHWS W YCHENIHOW pealn3alyy TMEepCHeKTHBHBIX IUIAHOB W IPOEKTOB OPOIICHUS,
IIFIPOKOTO BHEJPEHUS UPPHUTAIUH B CIENU(DUIHOM MO MPHUPOTHO-KIUMATHYECKUM YCIOBUSM PETHOHE
3amagnoit Cubupu, HMuctutyrom mouBoBenenuss u arpoxumuun CO AH CCCP mnpu ywactuu
CHEIUAIUCTOB «3armcuOTUnpoBOAX03» OBLIM MPOBEIACHBl HCCIEAOBAHMS PETHOHANBHBIX OCOOCHHOCTEH
TEHEeTHYECKUX M MEIHOPATUBHBIX CBOWCTB CHOMPCKAX YEPHO3EMOB M XapaKTepa MX H3MEHEHUs Npu
OpOLICHNWHU, HAa OCHOBAaHMM KOTOPBIX H3JaHa MoHorpadus «UepHo3eMbl: CBOHCTBA U OCOOCHHOCTH
opomenus» (1988). B monorpaduu 00OOIIEHB HOBBIE MaTepUallbl TITyOOKONPO(GHUIBHOTO H3yUEHHS
CBOICTB, pEeXMMOB U TUIOJAOPOANS CHOMPCKUX YEPHO3EMOB P OPOIIESHUH, CIIOCOOCTBYIOIINE PEIICHUIO
MPOOIIEM UX UPPHUTAITMOHHOTO OCBOCHHUS, PAIIMOHATIBHOTO MCIIONB30BAHUS U OXPaHbIL.

W3-3a mmpokoro pacmpoctpaneHust B 3anagHo-CHOMPCKOM pPErHOHE COJIOHIIOB M COJIOHIIOBBIX
mouB (6948 ThIC. Ta), a TakKe WX 3ajJeraHus MATHAMH B MacCHBaxX 30HAJBHBIX IUIOAOPOIHBIX 3eMEIhb
BCTaNa mpodieMa parMoHATBHOTO HCIOIB30BAaHUS COJIOHIIOBBIX KOMILIEKCOB B CEIBCKOXO3SHCTBEHHOM
npousBojacTBe. O0afaroIye HeOJaronpUusTHBIMUA (PU3MYCCKUMHU U XUMUYECKHUMU CBOMCTBaMH, HO TIPU
9TOM BBICOKHM TOTCHIUATBHBIM II0A0POINEM, COJIOHIIBI CTAIN OOBEKTOM O0CYKJICHHH Ha CHICIUAIEHOM
Bcecoro3HoM HaydHO-TEXHHYECKOM coBellaHnu «llyTu TOBBIMIEHHS TPOAYKTUBHOCTH COJIOHIIOBBIX
3emenb» B I. HoBocubupcke (BACXHIT) 30.06-04.07 1986 r. Ha coBemanuu ObLTH TIPEIIOKEHBI ITYTH
noBbIIeHAS 3()()EKTUBHOCTH MEIHOPATHBHOTO OCBOCHHUS coNOHNOBBIX Teppurtopuii ([.C. Bynrakos),
OIICHEHO COBPEMEHHOE COCTOSIHHE TpodiieM Kiaccuukanum, reorpadun u KapTorpadupoBaHUs
conoHIOBRIX 1Mo4B (3.A. KopHOmom), iepuoauanocts pazButust conoHios (I1.C. [lanun), ocobennocTn
MEJIHOPALMd U OCBOEHHS COJIOHIIOB B YCJIOBHUSAX OpouieHHs. i1 y4acTHHKOB COBEIIaHHUSA IPOBEIH
3KCKypcHIo B cOBX03 «KabuHeTHbIi» YynbiMckoro paiiona HoBocuOupckoii 001acTu st 03HAKOMIICHUS
C OTIBITOM METHOpPAIMHA KOPKOBBIX COJIOHIIOB PAa3IMYHBIMU J03aMu THrca (puc. 6). Cienyer cka3arbp, 4To
Ha 9TOM ONBITHOM Y4YacTKe HaONIOJICHHs 332 YPOBHEM M XMMHUYECKHM COCTaBOM TPYHTOBBIX BOJ U HX
BIIUSIHUEM Ha CBoicTBa mouB BemyTcs wucciuemoBatemsimu COHIJA PAH u UIIA CO PAH na
npoTsbkernu yxe 6onee 30 net (Enmmzapos u ap., 2020).

Pucynox 6. I1.C. [1anuH (B LeHTpe) U y4aCTHUKU BCecoro3HOro HaydHO-TEXHUYSCKOTO COBEIAHMUS
Ha SKCKypcuH B coBxose «Kabunetnslit», HoBocubupckas obnacts, 1986 r.
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B cooTBetcTBHY ¢ 3ajaHeM KOMHTETA IO 3eMeNbHBIM pecypcam HoBocubupckoit obnactu B 1994
r. Obula cocTaBJeHa 3KOJIOTO-MENMOpaTUBHAs KapTa JieBoOepekHoi wacTu HoBocuOupckod obmactu
macmTaba 1:500 000. ABtops! kapTel: B.A. Kazanues, JI.A. Maraesa, T.H. Enuzaposa (UI1A CO PAH),
M.T. YcrunoB («3armcuOrumpoBoaxo3y), moa odmei penaknuei B.H. Muxatimnaenko (UITA CO PAH);
TaKke B cocraBieHue Kaptbl npuauMmanu ydactue [.I1. Tapacos, B.H. Bacekkuna (HoBocuOupckas
reonoro-nouckosas sxcneaunus) u A.U. Koxxesankos (Cuo6HUN3XuM).

OCHOBO# [T COCTaBIEHUS KaPThI TOCITYKI OOJIBIION (aKTHUECKUN MaTepral, MOydeHHBIN MPH
MPOMU3BOJCTBE 1IETIEBBIX MOYBEHHBIX, I€OJIOINIECKUX, THAPOTEOJIOTHIECKUX U APYTHX ChEMOK KPYIIHOTO
u cpeaHero Macmraba. [Ipu 5K0IOro-MenTMoOpaTUBHON OILEHKE MOYBEHHOTO IMOKPOBAa TEPPUTOPHUH, a
Take JaHAmadTHONH OYBEHHON XapaKTepUCTHKE, ObUT MPUMEHEH reocucTeMHbId oaxon (Kazanmes u
np., 2001). T.H. EmuzapoBoii ¢ coaBropamMu B MoHOTpadhuu «IKOJIOTO-MEITHOPATUBHBEIN IOTCHIIHAT
MOYBEHHOTo TMOKpoBa 3amagHoit Cubupm» (1999) mpemiokeHbl KPUTEPUU €ro OLCHKHU. JKOJIOTo-
MEJIMOPATUBHBIA MOTEHIMAT JTOJDKEH OTpakaTh MHTETPAIbHYI0 XapaKTePUCTUKY OOBEKTOB, HE TOJIBKO
MPOCTPAHCTBEHHYIO COBOKYNHOCTh NPUPOIHBIX CHCTEM, HO W BEPTUKAIBHYIO CTpaTH(UKaIUIO
KOMIIOHCHTOB Ha TIIyOMHY, COOTBETCTBYIOIIYI0 MX paHry. /s storo memecooOpa3HO paccMaTpHBaTh
CHCTEMY TIOYBBI — TIOPOJBI 30HBI a3palliil — FPYHTOBBIE M apTE3UAHCKUE BOJbI, YUUTHIBAsE OCOOEHHOCTH
KJIMMaTa M PACTHTENbHOCTH. Takol CHCTEMHBIM MOAXOX IO3BOJIMJI PAa3BUTh COBEPLICHHO HOBOE
HalpaBJIeHHE MPHUPOAOINOIb30BAHUS — HKOJOTMYECKYI0 METHOPALUIO, YIUTHIBAIOIIYI0 IKOJIOIMYECKYIO
OILICHKY COBPEMEHHOTO COCTOSIHUSI TPUPOAHBIX CHCTEM W OMNPENCNSIOUIYI0 ONTHMAJIbHBIM BapHaHT
Menropanuu uccneayembix mous. B 2000 r. g Atmaca HoBocuOupcekol oOmactu (BTOpoe H3/IaHUE,
2002) crmenmanmucrtamu UITA CO PAH B.A. Kazanueseim, T.H. Enmuzaposoii, JI.A. Maraesoit u M.T.
YCTHHOBBIM C UCIIOJIB30BAHWEM KOMILUIEKCHOTO JIaHAMA(THOTO MOAX0/Aa ObUIa cOCTaBieHa KapTa
«Menunopanuu nous» macmraba 1:400000, roe BeimeneHsl 22 palioHA 10 OCHOBHBIM MEITHOPATUBHBIM
MEPONPHUITUSIM, PEKOMEHIYEMBIM JUIS PALMOHAIBEHOTO 36 MJICTIONb30BaHHUS.

ITo nannmaruese Muncenbxo3a CCCP u Poccenbxo3akanemun B 1995 1. B 1. HoBoCHOUpCKe Oblia
NpoBe/leHa HayYHO-TIpakTH4YecKass KoH(epeHIus, nocsimeHHas 100-1eTuio Havana rocyJapCTBEHHBIX
paboT o 00BOIHEHMIO M OCYLIEHHUIO 3eMelb bapaOMHCKOM HU3MEHHOCTH MO PYKOBOACTBOM OJHOIO U3
OCHOBOIIOJIO)KHUKOB poccuiickorr menuopauun — WM. JKunmuckoro. YdacTHMKaMu KOH(eEpeHUUH
MOJIBE/ICHBl MTOTH CTOJIETHETO ONbITA MEIMOpPATUBHBIX paborT B 3amamHod CuOupu M OTMEYEHa HX
Boicokas d¢pdexkruBHOCTE. OT HUIIA CO PAH yuactBoBaim: B.K. baxnos, T.H. Enuszapoma, B.A.
Kaszanmes, A.W. Ceico, A.A. CenbkoB, JI.LA. Maraesa, M.T. Ycrusos (puc. 7).

A UL SR ALY

Pucynox 7. Y4acTHUKH Hay49HO-TIPAaKTHUECKOW KOH(epeHrH, MOocBAmEHHOH 100-1eTnio co3panus
skcreauimu V.M. XXunuHckoro mo o0BOIHEHHUIO ¥ OCYIICHUIO 3eMeib 3anaanoil Cuoupw.
Younckas OMC, 1995 .
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B nocnienee BpeMst pernoHaNbHbIC HAYYHO-TTPAKTHIECKHE (POPYMBI TI0 KOMILIEKCY MPOOIeM U UX
pelieHruo B cdepe MeNMopaliy 3eMeib, CBS3aHHBIX C PaIlMOHAIBHBIM HCIIOJIb30BAaHHUEM W OXPaHOM
NPUPOAHBIX pecypcoB B HoBocuOMpCKOi 001acTH, MPOBOJATCS JOCTATOYHO peryaspHo (puc. 8).
OcHoBHas 11e7b POPYMOB — BO3POXKACHHE, COXPAHEHNE W PA3BUTHE MEIHOPATUBHOTO Aena B Cubupw.
Martepuansl GOPyMOB M UX PE30JIIOIMU OIYOJMKOBAHBI B )KypHaAIE «Mearopamus U BOJTHOS X03SICTBOY.

7
Yerrsee
76.07.2075

Pucynox 8. Yuactauku bapabo-Kynynauackoro gopyma, p. . Yaner, HoBocubupckas o6mactb, 2015 T.

[IpumepoM HaydHOrO CONPOBOXKACHHUS NMPOEKTOB MEJIMOpalKU cTajla MoOHorpadus «3KoJoro-
sKOHOMHUYecKast d((EeKTHUBHOCTh KOMIUIEKCHBIX Menmoparuii bapabunckoit Hm3mennoctm» (2009). B
JAHHOW MOHOTpauu aBTOPaMHU B CBETE PEIICHUS HAYYHO-TIPAKTHYECKOH KOH(EpeHIHUH OT 5—8 oy
2005 r., nocBameHHoH 110-neTnto MenmnopaTHUBHBIX paboT B bapaOWHCKOW HU3MEHHOCTH, BBITOIHEH
AQHAJIN3 COBPEMEHHOTO IMPHPOTHO-MEIHOPATUBHOIO COCTOSIHHA 3€MENb M COLUAIBHO-XO3SIMCTBEHHBIX
ycnoBuil  bapaOWHCKON HH3MEHHOCTH; C YYeTOM HOBOTO MOJX0Jla OOOCHOBaHBI MEIHOpPATHBHBIC
MEpPOMPUATHS, TO3BOJISIOMINE MOBBICUTH JKOJIOr0-3KOHOMHUYECKHUN TOTEHIMal perroHa. lIpumenenue
HOBBIX HaYYHBIX HalpaBJIeHUH, 0a3UPYIOMINXCS HA UCIIOJIb30BAaHUN YHEPTETHUECKHUX MOAXO0J0B K OLCHKE
MEJIMOPATUBHON JIESATEIHHOCTH B COYETAHWH C NPUHIMIAMH aJalTHBHO-TAHAIMAQTHOTO 3eMIIS/IENHs,
MO3BOJIMJIO pa3paboTaTh TEXHOJIOTHIO (OPMHUPOBAHUS MPOJYKTHBHOTO U DKOJOTHMYECKH YCTOWYHBOTO
arpojanamadTa, KOTopas BKIOYaeT:

— OLIEHKY DHEPreTUYEeCKOro COCTOSIHUS IPUPOAHOTO 00BEKTa;

— pacdeT TPOAYKTUBHOTO MOTEHIHAIa M SKOJIOTUYECKH [OIMYCTHMOMN BEIUYHMHBI ypOKaWHOCTH
CENBbCKOXO3SIMICTBEHHBIX KYJIBTYP JUIsl KOHKPETHBIX IPUPOIHBIX YCIOBHI;

— 000CcHOBaHHE BUAOB U OOBEMOB MEJIMOpALMH HAa OCHOBE SHEPreTHUECKUX M IKOJIOTHUYECKUX
KpUTEPHUEB;

— ONTHMH3AIMIO COOTHOIIIEHHS dJIEMEHTOB arpojanmadTra ¢ ucnojib3zoanueM [ IC-TexHoIOrHiA;

— MPOEKTUPOBAHKUE MPHUPOAHBIX MEPONPHUATHI, 00ECTIeUYMBAIOIINX KOMIIEHCALUIO aHTPOIIOTEHHOU
JIeSITeIbHOCTH;

—  DKOJIOTO-DKOHOMHYECKOE O0OOCHOBaHWE TMPEAJIOKEHHOTO KOMITIEKCAa MEIHOPATUBHBIX
MEpPOIPUITHH.

Pacuers, Oasupyrommecs Ha aHanmuze oOmupHOro Qakruyeckoro marepuana OIVII
«3arcudrunpoBoaxo3», gaHHbX [enmapramenta AIIK HoBocmOupckoii o0iracTv, MaTepruaioB HaydHBIX
myonukanuii Mo bapaOMHCKON HU3MEHHOCTH, HAYYHBIX HcciemoBanmid yueHsIx BHUMIUM, a Taxke
komIutekcHol akcnienuimn BHUUT'uM — OI'YII «3ancuOrunpoBoaxo3» MoKa3aim:
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— COBpPEMEHHOE COCTOSIHHE CEIThCKOXO3SHCTBEHHBIX yroawii bapaOMHCKONW HHU3MEHHOCTH TPYIHO
Ha3BaTb  yJOBJCTBOPUTENbHBIM.  [IpONYKTHBHOCTH  CENBCKOXO3SIMCTBEHHBIX  YrOOWH  HU3Kaf,
cocrapisitoniast 0,4-0,7 Teic. K. ei./ra HAa OCHOBHbIX mouBax u 0,9 ThIC. K. en/ra Ha dYepHO3EMax
BBILIEJIOUYCHHBIX U OOBIKHOBEHHBIX. [lo4BBI O€nHBI IMUTATEJBHBIMH JJIEMEHTaMHM, JerpagupyoT,
BOCTIPOM3BOJICTBO TIOYBEHHOTO IJIOJOPOJAUS HE IPOUCXOAMT, SKOJOTHYECKass W JSHEepreThdyecKkas
YCTOMYMBOCTbH KpailHE HU3Kas;

— TNPOBEACHUE TOJBKO THUAPOTEXHUUYECKUX MEJINOpAlUi IO3BOJUT YBEJIWYUTH MPOAYKTUBHOCTD
CENIbCKOXO3SIMCTBeHHBIX yroguii go 1,1-4,3 Teic. k. en./ra, HO NpH 3TOM HE OyIyT COOIIOAATHCS
9KOJIOTHUECKHE TPeOOBaHUS: KOA(PQHUIMEHT ycTOWYMBOCTH arponanamadra He mpeBbicut 0,5, Oananc
rymyca OyaeT OTpULAaTeIbHbIM;

— peaiu3anysl arpoOTEXHUYECKUX M KyNbTYPHO-TEXHHYECKUX MEPONPHUSITUH B KOMIUIEKCE C
XUMUYECKOH M arpoOHoMenropaniell He MO3BOJUT JOCTUYb 3KOJIOTHYECKH OOOCHOBAHHOTO BEIMYUHBI
NPOAYKTUBHOCTH, HO OOECHEYUT TOJOKUTENbHBIM OalaHc TyMyca 3a CYET arpoTeXHHYECKHX
MEPOIPHUATHH, TP 3TOM YCTOWYHBOCTH Tepputopun (bapaOWHCKOW HU3MEHHOCTH) OCTaHETCS HU3KOU
(Ky =0,1-0,35);

— IIpU OPOBCACHHU KOMIUICKCA MCJIMOPATUBHBLIX W arpOTCXHUYCCKUX MCpOHpI/IﬂTI/Iﬁ BO3MOKHO
YBEJIMUYEHHE MPOAYKIHMOHHOIO HMOTeHIUaNa 00pabaThIBaeMbIX YTOAUHM [0 3KOJIOTMYECKH 00O0CHOBaHHON
BEJIMYWHBI, paBHOH 3,0—4,8 ThIC. K. €/1./Ta, Ipu HoAep)kaHuu Kod(hQHUIIMEeHTa yCTONYNBOCTH HA YPOBHE
0,84-0,98 u nonoxureapbHOM OanaHce rymyca.

Pexomenayemblil afeKBaTHBIA KOMIUIEKC IIE€PBOOYEPEIHBIX METHOPATUBHBIX M arpOTEXHUUYECKUX
MEpONPHUATUI JOJDKEH BKIIIOYATh: PEKOHCTPYKIMIO OCYLIUTEIBHBIX CHCTEM, PEKOHCTPYKLHIO CHUCTEM
JIUMAaHHOI'O OpoI1ICHUA u CTPOUTCIIBCTBO HOBBIX OpPOCHUTECIIbHBIX CHUCTEM C MMPOBECACHUCM
arpoMeNIMOPaTUBHBIX MEPOTIPUATHH U KyJIbTYPHO-TEXHHYECKHX padoT.

Peanuzanus mpoekTa 1o pa3BUTHIO KOMIUIEKCHBIX MEJIMOPALMOHHBIX MEPOIPUSITHI Ha TEPPUTOPHUN
bapaOuHCKOIl HU3MEHHOCTH SBIISIETCS SKOHOMHYECKM OOOCHOBAHHOW: CPOK OKYNAaeMOCTH IPOEKTa
HaXOJUTCA B penesnax S Jier.

Crnenyer noguepkHyTh, uTo [locTanoBnennem IlpaBurensctBa PO o 30 mapra 2017 1. Ne396 «O
BHECEHUH M3MeHeHUH B ['oCyaapcTBeHHYIO IpOrpaMMy pa3BUTHS CEJILCKOTO X03HCTBA U PEryIUPOBAHUS
PBIHKOB CENbX03MPOIYKIINH, CHIPbS U MpooBoiabcTBUA Ha 2013—2020 roasl» yCTaHOBJIEHHI CEIyIOIINe
3aJa4n:

— TIOBBIIICHHE NPOAYKTUBHOCTH IOTEHLIMAIA MEIMOPUPYEMBIX 3eMenb M 3PQeKTHBHOE
WCIIOJIb30BaHME MIPHPOJIHBIX PECYPCOB;

— HOBBIIICHUEC TINIOAOPOAUA IMOYB CPCACTBAMU KOMIIIEKCHOM MEJIMOpaluu B YCJIOBHUAX U3MCHCHUA
KJIMMaTa.

B oTOli CBSI3M HECOMHEHHO aKTYalbHBIM SIBJSIETCS IIMPOKO OOCYKAaeMbIi BOIPOC O CO3JaHHUU
Cubupckoro ¢unnana Poccuiickoro Hay4yHO-HCCIIEI0BATENLCKOTO HHCTHTYTA MPOOJIeM METHOpAIUH B T.
HoBocubupcke u1st HayqHOTo oOecriedeHus: Mennopanuu 3emMens B Cudupckom deiepanbHOM OKpyTe.

OUHAHCOBAA ITOAJEPXXKA

Pabora BemonHeHa mo rocymapctBeHHomy 3anannio UIMA CO PAH mnpu dunancoBod mojmepikke
MunucTepcTBa HayKu M BeIcIIero oopa3zoBanus Poccuiickoit @enepanuu.
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melioration projects in West Siberia, emphasizing the need for their comprehensive research support. The
article describes the methodology and means for studying and implementing land melioration projects
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